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COMPOUNDS, PHARMACEUTICAL COMPOSITIONS AND THERAPEUTIC

METHODS OF PREVENTING AND TREATING DISEASES AND DISORDERS

ASSOCIATED WITH AMYLOID FIBRIL FORMATION

5 FIELD AND BACKGROUND OF THE INVENTION

The present inveation relates to compoxmds, pharmaceutical compositions and

therapeutic methods of preventing and/or inhibiting fibril formation and more

particularly to methods of preventing and/or treating amyloid - related diseases and

disorders. The present invention further relates to methods of treating inflammations.

10 Proper protein folding is a crucial step required for normal functioning and

turnover of proteins. However, various factors such as stress, specific genetic

mutations and certain infections may induce a cascade of yet incompletely understood

processes leading to conformational changes or misfolding of proteins and

consequently to their abnormal accumulation as amyloid fibrils. Such conformational

15 changes often involve the conversion firom an a-heHx configuration to a p-pleated

sheet structure. These structural rearrangements, followed by nucleation,

polymerization, aggregation and fibril formation, play a central role in the

pathogenesis of most nevirodegenerative diseases, such as Alzheimer's, Hmtington's,

Parkinson's and prion diseases, as well as at least eight of the polyglutamine - related

20 disorders [Kaytor, M. D. and Warren, S. T. (1999) J, Biol Chem. 274(53): 37507-10]

and various amyloidosis syndromes (e.g.. Multiple myeloma. Chronic inflammatory

disease. Rheumatoid arthritis, Tuberculosis, Skin and lung abscesses, Cancer,

Hodgkin's disease. Hemodialysis for CRF, Heredofamilial amyloidosis. Familial

Mediterranean Fever and Familial amyloid polyneuropathy),

25 For example, Alzheimer's disease (AD) is characterized by the formation and

progressive deposition of insoluble amyloid fibrils within the cerebral cortex. The

key constituent of these amyloid deposits has been identified as a 39-43-amino acid

long polypeptide, the p-amyloid peptide (Ap). Once deposited as dense amyloid

plaque cores, the peptide becomes highly resistant to fiirther proteolysis and causes

30 dystrophy of the surrounding nerve cells [Kiiauer et al. (1992) Proc. Nati. Acad. Sci.

U.S.A. 89(16): 7437-41; Nordstedt et al. (1994) J. Biol, Chem. 269(49): 30773-6].

However, it is still unclear wheflier the amyloid fibrils themselves or the soluble
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oligomers ofAP are the main neurotoxic species that contribute to neurodegeneration

and dementia present in Alzheimer's disease or other amyloidosis - related disorders

(De Felice FG, et al., 2004, FASEB J. 18: 1366-72).

Several studies aiming at identifying therapeutic approaches for preventing

amyloid fibril formation have suggested the use of beta-sheet breaker such as N,N'-

bis(3-hydroxyphenyl)pyridazine-3,6-diamine (RS-0406) to reverse amyloid beta-

induced cytotoxicity (Nakagami Y, et al., 2002, Br. J. Pharmacol. 137: 676-82), the

use of N-methylated derivatives to inhibit toxicity and protofibril fonnation in the

amyloid-beta peptide beta(25-35) (Doig AJ, et al., 2002, Biochem. Soc. Trans. 30(4):

537-42), the mechanical unzipping of amyloid betar-fibrils (Kellennayer MS, et al.,

2004, J. Biol. Chem. Epub ahead of print), the use of ourcumin as an anti-

inflammatory agent which suppresses amyloid accumulation (Yang F et al., 2004, J.

Biol. Chem. Dec 7; Epub ahead ofprint), the use ofa monoclonal antibody specific to

the C-terminal 92-99 of beta(2)m (Motomiya Y, et al., 2005, Kidney Int. 67: 314-20)

and the use of nonsteroidal anti-inflammatory drugs (NSAIDs) to stabilize

Transthyretin (TTR) tetramers (Miller SR, et al., 2004, Lab Livest. 84: 545-52).

Butyrylcholinesterase (BChE, EC 3.1.1.8) is the primary circulating

cholinesterase, abundant in serum and present at synapses and neuromuscular

junctions, where it binds the same structural unit as the synaptic variant of

acetylcholinesterase (AChE), AChE-S, with which it shares C-terminal sequence

homology. Like AChE, BChE is capable of hydrolyzing acetylcholine (ACh) at the

end of each round of pre-synaptic secretion. However, while AChE has a narrow

substrate specificity, BCbE exhibits a wide specificity for both substrates and

inhibitors.

Prior studies have shown that acetylcholinesterase (AChE) co-localizes with

the AP peptides present in the brain of Alzheimer's patients [Inestrosa, N.C. et al.

(1996a) Mol. Psychiatry 1(5): 359-61; Inestrosa, N. C. et al. (1996b) Neuron 16(4):

881-91;] and that amyloid p complexes including AChE are fer more neurotoxic than

AP aggregates alone [Alvarez et al. (1998) J. Neurosci. 18(9):3213-23]. Moreover,

AChE, but not BChE, was found to promote aggregation of amyloid complexes

[Inestrosa, 1996b (Supra)].

Despite advances in the field, there is still a great need to identify a suitable
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therapeutic agent for preventing amyloid fibril formation.

PCT/IL2005/000028

SUMMARY OF THE INVENTION

While reducing the present invention to practice, the present inventors have

uncovered that BChE and more so BChB derived peptides are capable of preventing

and/or reversing amyloid fibril formation and thus can be used to prevent and/or treat

amyloidosis - related disorders and diseases. It was further found that BChE can

prevent or reduce inflanraiation.

According to one aspect of the present invention there is provided a method of

identifying a BChE derived peptide capable of preventing and/or reversing amyloid

fibril formation comprising contacting the BChE derived peptide with an amyloid

precursor protein and a p-sheet - responsive dye and measuring a fluorescence

intensity resulting fi*om tiie P-sheet - responsive dye prior to and following the

contacting the BChE derived peptide witii the amyloid precursor protein, wherein

delayed or reduced increase in the fluorescence intensity following the contacting the

BChE derived peptide with the amyloid precursor protein is indicative of an ability of

tiie peptide to prevent amyloid fibril formation. This is a high throughput method

which is readily automateable and which can be used to test, for example, within a

short time period each one of the peptides represented by SEQ ED NOs:8-20302, all

are BChE derived peptides.

According to fiirther features in preferred embodiments of the invention

described below, the P-sheet - responsive dye is a benzothiazole dye.

According to still fiirther features in the described preferred embodiments the

p-sheet - responsive dye is Thioflavin T.

According to still fiirther features in the described preferred embodiments the

Thioflavin T is provided at a concentration range of 0.5-1 .5 [xM,

According to still fiirther features in tiie described preferred embodiments the

Thioflavin T is provided at a concentration ofabout 1 jj-M, As used herein tluroughout

the term "about" refers to ± 10 %.

According to still fiirther features in ttie described preferred embodiments tiie

amyloid precursor protein is selected fironi the group consisting of Transtiiyretin,

Amyloid beta protem, Amyloid beta (1-40), Procalcitonin, lAPP (Amylin), amyloid
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light chain (AL), non-immuaoglobulin amyloid associated (AA), non-

iininunoglobulin amyloid associated serum precursor (SAA), a-synucleic protein,

ataxin and huntingtin.

According to still further features in the described preferred embodiments the

Amyloid beta (1-40) is provided at a concentration in the range of 20-50 jxM.

According to still further features in the described preferred embodiments the

Amyloid beta (1-40) is provided at a concentration of about 33 \xM.

The method described above can be used to identify and point out BChE

derived peptides capable ofpreventing and/or reversing amyloid fibril formation.

Hence, according to another aspect of the present invention there is provided a

BChE derived peptide capable of preventing and/or reversing amyloid fibril

formation. In presently preferred embodiments, the BChE derived peptide is selected

from the group consisting ofSEQ ID "NOs: 1 and 8-20302.

According to yet another aspect of the present invention there is provided a

pharmaceutical composition comprising as an active ingredient BChE or a BChE

derived peptide, the peptide being capable of preventing and/or reversing amyloid

fibril formation and a pharmaceutically acceptable carrier.

According to yet another aspect of the present invention there is provided a

method of treating an individual having or being predisposed to a disease or disorder

associated with amyloid fibril formation, the method comprising administering to the

individual a therapeutically effective amount of BChE or BChE derived peptide,

thereby treating the individual having or being predisposed to a disease or disorder

associated with amyloid fibril formation.

According to further features in the described preferred embodiments of the

invention described below, the BChE derived peptide is selected firom the group

consisting of SEQ ID NO:l and 8-20302,

According to still further features in the described preferred embodiments the

disease or disorder associated with amyloid fibril formation is selected firom the group

consisting of a neurodegenerative disease, a disorder associated with systemic

amyloidosis, a disorder associated with localized amyloidosis, a prion disease and/or a

polyglutamine disorder.
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According to still further features in the described preferred embodiments the

neurodegenerative disease is selected from the group consisting of Alzheimer's

disease, Huntington's disease and Parkinson's disease.

According to still further features in the described preferred embodiments the

5 disorder associated with systemic amyloidosis is selected firom the group consisting of

Multiple myeloma, Chronic inflammatory disease, Rheumatoid arthritis.

Tuberculosis, Skin abscess, lung abscess, Cancer, Hodgkin's disease. Hemodialysis

for chronic renal failure, Heredofamilial amyloidosis. Familial Mediterranean Fever

and Familial amyloid polyneuropathy.

10 According to still further features in the described preferred embodiments the

disorder associated with localized amyloidosis is selected from the group consisting

of Senile cardiac amyloidosis, Senile cerebral amyloidosis, Endocrine tumors.

Medullary carcinoma of thyroid, Type II diabetes and Pancreatic islets p-cells.

According to still further features in the described preferred embodiments the

15 prion disease is selected from the group consisting of Creutzfeldt-Jakob disease

(CJD), spongioform enchephalopathies (TSE's), mad cow disease, Gerstmaim-

Straussler-Scheinker disease (GSS) and Kuru.

According to still further features in the described preferred embodunents the

polyglutamine disorder is selected from the group consisting of Huntington's disease

20 (HD), Spinal and Bulbar Muscular Atrophy (SBMA), DentatoRubral and

PallidoLuysian Atrophy (DRPLA), spinocerebellar, ataxia type 1 (SCAl),

. spinocerebellar ataxia type 2 (SCA2), Spinocerebellar ataxia type-3 (SCA3;

Machado-Joseph Disease), Spinocerebellar ataxia type 7 (SCAT) and Spinocerebellar

ataxia type 17 (SCA17).

25 According to still further features in the described preferred embodiments the

amyloid is a protein selected from the group consisting of TransUiyretin, Amyloid

beta protein, Procalcitonin, lAPP (Amylin), amyloid light chain (AL), non-

immunoglobulin amyloid associated (AA), non-immunoglobulin amyloid associated

serum precursor (SAA), a-synucleic protem, ataxixi and huntingtin.

30 According to still further features in the described preferred embodiments the

active ingredient is formulated in a ttierapeutically effective amount providable at a

dose range of 0. 1 - 1000 micromol per kg body weight
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According to still ftirther features in the described preferred embodiments the

active ingredient is formulated in a therapeutically effective amoimt providable at a

dose range of 1 - 100 micromol per kg body weigjit

According to still fiirther features in the described preferred embodiments the

5 active ingredient is formulated in a tiierapeutically effective amount providable at a

dose range of 5-50 micromol per kg body weight.

According to still another aspect of the present invention there is provided a

method of preventing and/or reversing amjdoid fibril formation in a tissue of an

individual comprising increasing a level of BChE or a BChE derived peptide being

10 capable of preventing and/or reversing amyloid fibril formation in the tissue, thereby

preventing and/or reversing amyloid fibril formation therein.

According to yet another aspect of the present invention there is provided a

method of treating an individual having or being predisposed to a disease or disorder

associated with amyloid fibril formation, the method comprising increasing a level of

15 BChE or a BChE derived peptide in a tissue susceptible to the amyloid fibril

formation of the individual, thereby treating the individual having or being

predisposed to a disorder associated with amyloid fibril formation.

According to further features in preferred embodiments of the invention

described below, increasing a level ofBChE or a BChE derived peptide being capable

20 of preventing and/or reversing amyloid fibril formation in the tissue is effected by at

least one approach selected from the group consisting of (a) expressing in cells of the

individual an exogenous polynucleotide encoding the BChE or the BChE derived

peptide; (b) increasing expression of endogenous BChE in ttie individual; (c)

increasing endogenous BChE activity in the individual; (d) administering BChE or the

25 BChE derived peptide to the individual; and (e) administering to the individual cells

expressing the BChE or the BChE derived peptide.

According to still further features in the described preferred embodiments of

the invention further described below, die BChE is as set forth in SEQ ID NO:2,

According to stiU further features in the described preferred embodiments flie

30 exogenous polynucleotide encoding tiie BChE or the BChE derived peptide is derived

from SEQIDNO:?.

According to an additional aspect of the present invention there is provided a

method of limiting or reducing an inflammatory reaction in an individual, comprising
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increasing an expression level and/or activity of BChE in the individual, thereby

limiting or reducing the inflammatory reaction in the individual.

According to still further features in the described preferred embodiments of

the invention further described below, the inflammatory reaction is mediated by

circulating acetylcholine.

According to still further features in the described preferred embodiments, the

individual is subjected to a surgery, stress or a trauma.

Accordmg to still further features in the described preferred embodiments the

inflammatory reaction is mediated by at least one pro-inflammatory cytokine selected

from the group consisting of IL-1, IL-la, IL-ip, IL-lss, IL-6, IL-S, IL-10, IL-12, IL-

ISandTNFa.

According to still further features in the described preferred embodiments

increasing an expression level and/or activity ofBChE in the individual is effected by

at least one approach selected from ttie group consisting of (a) expressing in cells of

the individual an exogenous polynucleotide encoding at least a functional portion of

BChE; (b) increasing expression of endogenous BChE in the individual; (c)

increasing endogenous BChE activity in the individual; Cd) administering an

exogenous polypeptide including at least a functional portion of BChE to the

individual; and (e) administering cells expressing BChE into the individual.

The present invention successfully addresses the shortcomings ofthe presently

known configurations by providmg novel compounds, compositions a metiiod of

preventing and/or reversing amyloid fibril formation.

Unless otherwise defined, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to

which this invention belongs. Alfliougli methods and materials similar or equivalent

to tiiose described herein can be used in the practice or testing of the present

invention, suitable methods and materials are described below. In case of conflict, the

patent specification, including definitions, will control, hi addition, the materials,

methods and examples are illustrative only and not intended to be limiting.
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BRffiF DESCRIPTIQN OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to

the accompanying drawings. With specific reference now to the drawings in detail, it

is stressed that the particulars shown are by way of example and for purposes of

illustrative discussion of the preferred embodiments of the present invention only and

are presented in the cause of providing what is believed to be the most useful and

readily understood description of the principles and conceptual aspects of the

invention. In this regard, no attempt is made to show structural details of the

invention in more detail than is necessary for a fundamental understanding of the

invention, the description taken with the dra^wings making apparent to those skilled in

the art how the several forms of the invention may be embodied in practice.

In the drawings:

FIGs. la-e are graphs depicting the effects of BChE and AChE on amyloid

fibril formation. Ap [1-40], at a final concentration of 33 ^M, was incubated at 30 ""C

with shaking, in the presence of 1 ^iM Thioflavin T (ThT), The kinetics of change in

ThT fluorescence,was followed with time. Where indicated, the incubation solution

contained BChE (Figure la) and/or AChE-S (Figure lb) or both enzymes at the noted

micromolar concentrations and at the constant ratio of 1:100 AChE or BChE to Ap

(Figures Ic-d). Shown are representative findings firom a series of 12-16 experiments

in each case. Note that while BChE suppresses amyloid formation, AChE accelerates

such fibrillation. Also note the longer time scale prior to the onset of detectable

fibrillafion for BChE as compared with AChE. Figure le - a graph depicting the

effect ofAChE on amyloid formation. Note that increasuig the doses ofAChE resiilts

in increased fibril yields and decreased lag period tmtil fibril formation initiates.

FIGs. 2a-b depict the overall effect of BChE on amyloid foimation. Figure 2a

is a histogram showing the rate of amyloid formation in the presence or absence of

AChE and/or BChE. Note the significant effect of BChE in reducing the rate of

amyloid formation even in the presence ofAChE. Figure 2b is a schematic illustration

summarizmg the inhibitory effect of BChE on amyloid fibril formation which

counteracts the effect generated by AChE.

FIGs. 3a-d depict the effect of the synthetic BSP and ASP peptides on amyloid

formation. Figure 3a illustrates the sequence and homology of the BSP41, ASP23,
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ASP40 and ASP63 peptides. Homologous residues between BSP41 and ASP40 are

marked by asterisks, partial homologies are marked with dots. Figure 3b — a graph

depicting the effect of BSP41 peptide on amyloid fibril formation. Ap at 33 ^iMwas

incubated at 30 ""C with 1 |iM ThT and the noted micromolar concentrations of

5 BSP4L Shown are the rates of fibril formation for each set of conditions. Figure 3c -

a histogram depicting the rate of amyloid formation (average rates ± SE) for the

cumulative data of each protein and peptide tested, derived firom the time cxirves of

^ changes in ThT fluorescence. Note that BSP41, but not ASP23, ASP40, or ASP63

significantly attenuates fibril formation. Figure 3d - a 3-D model depicting the

10 globular structure of BChE. Note the large distance between the Peripheral Anionic

binding Site (PAS) and the C-terminal domain (CT), both of which are highlighted in

green.

FIG. 4 depicts the circular dichroism (CD) spectra of the BSP and ASP

peptides. Shown are the circular dichroism (CD) spectra of MO"^M BSP41 dissolved

15 in HIFP and 140"^ M ASP40, ASP23 and ASP63 ui aqueous solutions, IvTote the

characteristic features of a-hehx in BSP41, ASP40, or ASP63 as compared with the

random coil seen in ASP23,

FIGs, 5a-e depict the comparative three-dimensional molecular modeling of

BSP and ASP. Figures 5a-b depict the molecular modeling of BSP (Fig;ure 5a;

20 purple) and ASP (Figure. 5b; sky blue). Note that both peptides are amphipathic

heUces, Le,\ each heUx can be divided into a polar and non-polar side (as

demonstrated by the yellow broken line), BSP's division into sharp two distinguished

sides is imperfect^ since it is disturbed by a tryptophan residue (shown in sticks and

colored by element), while ASP's amphipathicity is intact, as shown by the arginine

25 residue (also shown in sticks and colored by element) m the parallel position to the

BSP tryptophan. Figures 5c-d depict cross-sections of the BSP (Figure 5c) and ASP

(Figure 5d) helices. Residues were presented as chcles (hydrophilic), diamonds

(hydrophobic), triangles (potentially negatively charged), or pentagons (potentially

positively charged). Hydrophobicity is color coded, firom green (the most hydrophobic

30 residue) to yellow, (zero hydrophobicity), with the greemyellow ratio decreasing

proportionally. HydrophiUc residues are coded red (pure red being the most

hydrophiUc [uncharged] residue) to white, with red:white decreasing proportionally.
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Potentially charged residues are colored light blue. Note that division by polarity but

not by charge or pH of these helices is the only feasible one, as is highlighted by the

purple division line. Figure 5e - is an alignment between the BSP and ASP sequences.

FIG. 6 is a graph illustrating the effect of BChE in preventing amylin amyloid

5 fibril formation. Amylin at a concentration of 20 was incubated with Thiofalvin

T (at a concentration of 1 \xM) and the formation of amyloid fibril was measured by

following the Thiofalvin T fluorescence intensity [excitation (450 nm); emission (485

nm)] in the presence or absence of 0.24 ^iM BChE (purified firom pooled human

plasma). Note that the addition ofBChE increases the lag time for amylin fibrillation

10 firom 30 minutes to 1 1 0 minutes.

DESCRIPTION OP THE PREFERRED EMBODIMENTS

The present invention is of compounds, pharmaceutical compositions and

therapeutic methods of preventing amyloid fibril formation and treating or preveating

15 diseases or disorders associated therewith. More specifically the present invention is

of BChE derived peptides, pharmaceutical compositions containing BChB aad/or

BChE derived peptides and therapeutic methods of using BChE and/or BChE derived

peptides in prevention and/or treatment of diseases and disorders associated with

amyloid fibril formation, such as, but not limited to, neurodegenerative diseases, prion

20 diseases and polyglutamine disorders.

The principles and operation of the method of preventing and/or reversing

amyloid fibril formation according to the present invention may be better understood

with reference to the drawings and accompanying descriptions.

Before explaining at least one embodiment of the invention in detail, it is to be

25 understood that the invention is not limited in its application to the details set forth in

the following description or exemplified by the Examples. The invention is capable

of other embodiments or of being practiced or carried out in various ways. Also, it is

to be understood tiiat the phraseology and terminology employed herein is for the

purpose of description and should not be regarded as limiting.

30 Proper protein folding is crucial for normal protein function and turnover.

However, in many cases (e.g., neurodegenerative diseases, prion diseases and

polyglutamine disorders) specific proteins are subjected to conformational changes or
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misfolding which often involve the conversion from an a-helix configuration to a P-

pleated sheet structure. Such conformational changes lead to the abnormal

accumulation of the misfolded proteins in the form of amyloid fibrils and plaques.

Formation of amyloid fibrils has been observed in neurodegenerative diseases (e,g,,

Alzheimer's disease, Parkinson's disease), polyglutamine diseases [Huntington's

disease, Spino-Cerebellar Ataxia (SCA)] and prion diseases [e.g,, Kuru, Creutzfeldt-

Jakob disease (CJD) spongioform enchephalopathies (TSE's), mad cow disease, and

Gerstmann-Straussler syndrome (GSS)].

Prior attempts to prevent amyloid fibril formation suggested the use of beta-

sheet breaker such as N,N'-bis(3-hydroxyphenyl)pyridazine-3,6-diamine (RS-0406) to

reverse amyloid beta-induced cytotoxicity (Nakagami Y, et al., 2002, Br. J.

Pharmacol. 137: 676-82), the use of N-methylated derivatives to inhibit toxicity and

protofibril formation in the amyloid-beta peptide beta (25-35) (Doig AJ, et al., 2002,

Biochem. Soc. Trans. 30(4): 537-42), the mechanical unzipping of amyloid beta-

fibrils (Kellermayer MS, et al., 2004, J. Biol. Chem. Epub ahead of print), the use of

curcumin as an anti-inflammatory agent which suppresses amyloid accumulation

(Yang F et al., 2004, J. BioL Chem. Dec 7; Epub ahead of print), the use of a

monoclonal antibody specific to the C-terminal 92-99 of beta(2)m (Motomiya Y, et

aL, 2005, Kidney Int. 67: 3 14-20) and the use of nonsteroidal anti-inflammatory drugs

(NSAIDs) to stabilize Transthyretin (TTR) tetramers (Miller SR, et al„ 2004, Lab

Invest. 84: 545-52).

While reducing the present invention to practice, tiie present inventors have

uncovered that BChE and more so BChE derived peptides are capable of preventing

and/or reversing amyloid fibril formation and thus can be used to prevent and/or treat

amyloidosis - related disorders and diseases. It was further found that BChE can

prevent or reduce inflanMnation.

As used herein the phrase "preventing and/or reversing amyloid fibril

formation" refers to inhibiting the formation of, avoiding ttie formation of, delaying

the formation of and/or limiting the extent of the formation of amyloid fibrils, as well

as, disfonning, reducing the level of and/or eliminating preformed amyloid fibrils.

As is shown in Figures 1-3 and Table 7 and as is described in Example ! of

the. Examples section which follows, tiie BChE enzyme (SEQ ID NO:2), at a
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concentration of 30 yxg/ml, as well as the synthetic BSP41 peptide (SEQ ID ISfO:!,

amino acids 562-602 of Human BChE which is the C-terminal region of Hximan

BChE), which mimics the C-terminus ofhimian BChE, at a concentration of 2 |jLg/ml,

were capable of completely attenuating AP fibrillation following 400 minutes of

5 incubation as determined by change of Thioflavin T (ThT) fluorescence. These

results indicate that BChE and BChE derived peptides can be used to prevent the

formation of and/or dis-stabiUze amyloid fibrils.

As used herein the term **BChE" refers to ButyrylchoUnesterase, which is also

known as Acylcholine acylhydrolase, Choline esterase II, Butyrylcholine esterase

10 and/or Pseudocholinesterase. Butyrylcholinesterase (BChE, EC 3.1.1.8) is the

primary circulating cholinesterase, abundant in serum and present at synapses and

neuromuscular junctions. BChE is capable of hydrolyzing acetylcholine (ACh) at the

end of each round of pre-synaptic secretion and exhibits a wide specificity for both

substrates and inhibitors.

15 Hence, according to one aspect of the present invention there is provided a

method (assay) of identifying a BChE derived peptide capable of preventing and/or

reversing amyloid fibril formation. The method according to this aspect of the

invention comprises contacting the BChE derived peptide with an amyloid precursor

protein and a fi-sheet - responsive dye and measuring a fluorescence intensity

20 resulting firom the p-sheet - responsive dye prior to and following contacting the

BChE derived peptide with the amyloid precursor protein, wherein delayed or re<iuced

increase in the fluorescence intensity following contact formation between the DBChE

derived peptide with the amyloid precxirsor protein is indicative of an ability of the

peptide to prevent amyloid fibril formation.

25 Contacting according to this aspect of the present invention is effected by

means of mixing, shaking or dissolving the BChE derived peptide with the amyloid

precursor protein and the p-sheet responsive dye. Preferably, contacting is effected

by shaking at a shaking speed of 50-300 rpm, more preferably at a shakmg speed of

200 rpm.

30 According to preferred embodiments of the present invention, contacting is

effected for a time period of at least 5 minutes, more preferably, at least 10 minutes,

more preferably, at least 15 minutes, more preferably, at least 20 minutes, more
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preferably, at least 25 minutes, more preferably, at least 30 minutes, more preferably,

at least 40 minutes, more preferably, at least 50 minutes, more preferably, at least 60

minutes, more preferably, at least 2 hours, more preferably, at least 4 hours, more

preferably, at least 6 hours, most preferably, at least 8 hours.

5 Measuring the fluorescence intensity according to this aspect of the present

invention is preferably effected using a Spectro^fluorometer (e.g., Tecan, Maennedorf,

Switzerland). It will be appreciated that measuring can be effected at any given time

prior to, during or following contacting the BChE derived peptide. In order to obtain

a basal level of the fluorescent intensity generated by the p-sheet - responsive dye,

10 measuring is effected both prior to the addition of the BChE derived peptide and at

time intervals following the addition of the BChE derived peptide. The time intervals

for measuring, the fluorescent intensity may vary depending on the dye used.

According to preferred embodiments of the present invention, such time intervals are

at least every 60 minutes, more preferably, at least every 50 minutes, more preferably,

15 at least every 40 minutes, more preferably, at least every 30 miautes, more preferably,

at least every 20 mioutes, more preferably, at least every 10 minutes, most preferably,

at least every 5 minutes.

It will be appreciated by one of ordinary skills in the art that this is a high

througlrput screening method which is readily automateable and which can be used to

20 test, for example, within a short time period each one of the peptides represented by

SEQ ID NOs:8-20302, all are BChE derived peptides, for its ability to prevent and/or

reverse amyloid fibril formation. In a presently preferred embodiment of the present

invention the P-sheet - responsive dye is a benzothiazole dye, such as, but not lin:iited

to Thioflavin T. The Thioflavin T is preferably provided at a concentration range of

25 0.5-1.5 jiM, most preferably the Thioflavin T is provided at a concentration of about 1

As used herein, the phrase **amyloid fibriP' refers to the intra- or extracellular

tissue deposits, in one or more tissue or organs, of fibril protein material which is

generically termed amyloid. The amyloid is distinguished grossly by a starch-like

30 staining reaction with iodine, microscopically by its extracellular distribution and

tinctorial and optical properties when bound to Congo red or ThioflavLa T, or by its

capacity to bind and induce fluorescence in bound Thioflavin T and by its protein
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fibril structure as shown by electron microscopy and X-ray crystallography. Amyloid

fi.brils are formed by conformation changes which lead to misfolding of the amyloid

precursor protein, such as a conformation conversion from an a-helix configuration to

a P-pleated sheet structure. Thus, amyloid fibrils initiate fiom an innoculum of

5 misfolded proteins which further facilitates fibril formation around it (Reviewed in

Lachmann HJ and Hawkins PN, 2003. Nephron Chn. Pract, 94: c85-8). The protein

precursor of the amyloid fibril of the present invention is, for example, Transthyretin,

Amyloid beta protein, Procalcitonin, lAPP (Amylin), amyloid light chain (AL), non-

immunoglobulin amyloid associated (AA), non-immunoglobulin amyloid associated

10 serum precursor (SAA), a-synucleic protein, ataxin and huntingtin»

The amyloid precursor protein used in the assay method described herein can

be any amyloid precursor proteins listed above. Preferably, the amyloid precursor

proteiQ used in the assay method is Amyloid beta (1-40) and it is provided in the assay

method at a concentration in the range of20-50 |iM, preferably about 33 fiM.

15 As stated above, it will be appreciated by the skilled artisan that the method

described above can be used to identify and point out BChE derived peptides capable

of preventing and/or reversing amyloid fibril formation using automated high

throughput installations.

Hence, according to another aspect of the present invention there is provided a

20 BChE derived peptide capable of preventing and/or reversing amyloid fibril

formation. In presently preferred embodiments, the BChE derived peptide is selected

from the group consisting ofSEQ ID NOs:l and 8-20302,

As used herein throughout the phrase "BChE derived peptide'* means any

-peptide sequence of 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or more, eig., 16-20, 21-30, 31-

25 40 amino acids, either natural, digest or synthetic that naturally forms a part of a

polypeptide at least 60 %, at least 70 %, at least 80 %, at least 90 %, at least 95 %, at

least 96 %, at least 97 %, at least 98 %, at least 99 % homologous (similar + identical)

to a BChE polypeptide as set forth in SEQ ID NQ:2 or 20303-20314 as determined

using the BlastP software of the National Center of Biotechnology Infomiation

30 (NCBI) usiQg default parameters. The phrase "BChE derived peptide*' further r^ads

on functional hoinologs of all of the above peptides, which fimctional homologs can
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include naturally occurring or non-natural amino acids exhibiting the functional

activity ofpreventing and/or reversing amyloid fibril formation.

Thus, amino acid substitutions can be made in any of the BChE derived

peptides described herein. Amino acid substitutions are typically of single residues;

5 insertions usually will be on the order of firpm about 1 to 20 amino acids, although

considerably larger insertions maybe tolerated. Deletions range from about 1 to about

20 residues, although in some cases deletions may be much larger.

Substitutions, deletions, insertions or any combination thereof may be used to

arrive at a final derivative peptide. Generally these changes are done on a few amino

10 acids to minimize the alteration of the functionality of the peptide molecule.

However, larger changes may be tolerated in certain circumstances. When small

alterations in the characteristics of the peptides of the present invention are desired,

substitutions are generally made in accordance with the following Table 1:

15 Table 1

Original Residue Exemplary Sxabstitutions

20

25

30

Ala Ser

Arg Lys

Asn Gin, His

Asp Glu

Cys Ser

Gin Asn

Glu Asp

Gly Pro

His Asn, Gin

lie Leu, Val

Leu lie, Val

Lys Arg, Gin,

Met Leu, lie

Phe Met, Leu,

Ser Thr

Thr Ser

Trp Tyr
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Tyr Trp, Phe

Val He, Leu

Substantial changes in function or immunological identity are made by

5 selecting substitutions that are less conservative than those shown in Table 1,

hereinabove. For example, substitutions may be made which more significantly

affect: the structure of the peptide backbone in the area of the alteration, for example

the alpha-hehcal or beta-sheet structure; the charge or hydrophobicity of the molecule

at the target site; or the bulk of the side chain. The substitutions which in general are

10 expected to produce the greatest changes in the peptide properties are those in which

(a) a hydrophilic residue, e.g., seryl or threonyl is substituted for (or by) a

hydrophobic residue, e.g., leucyi, isoleucyl, phenylalanyl, valyl or alanjd; (b) a

cysteine or proline is substituted for (or by) any other residue; (c) a residue having an

electropositive side chain, e.g., lysyl, arginyl, or histidyl, is substituted for (or by) an

15 electronegative residue, e.g., glutamyl or aspartyl; or (d) a residue having a bulky side

chain, e.g. phenylalanine, is substituted for (or by) one not having a side chain, e.g.

glycine.

Non-natural amino acids can also be used as substituents to naturally

occurring amino acids:

20 Table 2 and 3 below Ust naturally occxirring amino acids (Table 2) and non-

conventional or modified amino adds (Table 3) which can be used with the present

invention.

Table!

One-letter SymbolAmino Acid Three-Letter Abbreviation Oi

Alanine Ala A

Arginine Arg R

Asparagine Asn N

A^artic acid Asp D

Cysteine Cys C

Glutamine Gin Q

Glutamic Acid Glu E

Glycine Gly G

Histidine His H

isoleucine lie I

Leucine Leu L

Lysine Lys
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Methionine Met M
phenylalanine Phe F

Proline Pro P

Serine Ser S

Threonine The t

tryptophan Ttp W
Tyr Y

Valine Val V

Any amino acid as above Xaa X

Tables

Non-conventional amino acid Code Non-conventional amino acid Code

OC-aminobutyric acid
Abu l>-N-mcthylalanine Nmala

OC-anuno-CX-methylbutyrate
L^N-methylarginine Nmarg

aminocyclopropane- Cpro I^N-methylasparagine Nmasn

carboxylatc LrN-methylaspartic acid Nmasp

aminoisobutyrio acid Aib L-N-methylcysteine Nmcys

aminonorbomyl- Norb L-N-metfaylglutaniine Nmgin

carboxylatc L-N-methylglutamic acid Nmglu

cyclohexylalanine Chexa L-N-methylhistidinc Nmhis

cyclopentylalanine Cpen L-N-methylisolleudne Nmile

D-alanine Dal L-N-methylleucine Nmleu

D^arginine Darg L-N-methyllysinc Nmlys

D-aspartic acid Dasp L-N-methylmethionine Nmmet

D-cysteine Dcys LrN-methylnorleucine Nmnle

D-glutamine Dgbi L-N-mcthylnorvaiine Nmnva

D-glutamic acid Dglu L-N-methylomithine Nmom

D-histidine Dhis L-N-methylphenylalanine Nmphe

D-isoleucine Dile L-N-methylproline Nuipro

D-leucinc Dleu I>-N-mcthylscrine Nmser

D-lysine Dlys L-N-methyithreonine Nmthr

D-methionine Dmet L-N-methyltryptophan Nmtrp

D-omithine Dorn L-N-methyityrosine Nmtyr

D-phenylalanine Dphc LrN-mcthylvaline Nmval

D-proline Dpro Nmetg

D-secine Dser • U-N-methyl-t-butylglycine Nuitbug

P'threoninc Dthr L-norleucine Nle

D-tiyptoph£Ui Dttp Lrnorvaline Nva

P-tyrosine Dtyr
. a-methyl-aminoisobutyrate

Maib

D-valine Dval a-methyl-y-aminobutyrate
Mgabu



wo 2005/066337 PCT/IL2005/000028

D-a-methylalanine
Dmala

D-a-methylarginine
Dmarg

D-CX-methylaspaFagine
Dmasn

D-0(rineth^8SparUite
Dmasp

D-Ot-mcthylcystcine
Dracys

D-Ol-methylglutainiiie
Dmgln

D-OC^methylhistidine
Dmlus

D-OC-methylisoleucine
Dmile

D-OCi-inettiylleuclne
Dmleu

D-OCr-methyllysine
Dmlys

Do'tX.-niedivlnietliioiiijie
Dininet

D-a-methylomithine
Dmoiii

D-Ct-mcthylphenylalaninc
Dmphe

Dxnpro

n-fY-m ("tKvl ^RTin fti-H^^vj^ XII& Lily loC't.
Dmser

Vi-Ci -in f»thvlthreon ine Dmthr

D-OC-tnetliyltryptophan
Dmtrp

D-CC-melhyltyrosine
Dmty

D-OC-methylvaline
Dmval

n-nf-Tnefhvlalnine
Dnmala

b-Ormethylaiginine

D-OC-methylasparagine
Dnmasn

D-OC-methylasparotate
Dnmasp

D*Ol-niethylcysteine
Dnmcys

D-N-methylleucin© Dnmleu

D-N-methyllysine Dnmlys

N-methylcyclohexylalaiiine Nmchexa

D-N-methylomithiue Dnmom

N-methylglycine Nala

N-methylaminoisobutyrate Nmaib

N-(l-methylpropyl)glycine Nile

N-(2-inethylpropyl)glycine Nile

N-(2-methylpropyl)glycine Nlcu

rv miat-li'v/lr'v/r'lnliftxvlalanine
Mchexa

rY_m*»rii\/lfvo1nnentvIalaniiie
Mcpea

fY.m^i-hv1>nt»nanthvlalanifie
Manap

Or methylpenicillamlne
Mpen

N-(4-aininobutyl)glycine Nglu

N-(2-aminoethyl)glycine Naeg

N-(3-aminopropyl)glycine Nora

N- amino-OCrinethylbutyrate
Nmaabu

OC^impthylalaiiine
Anap

N-benzylglycine Nphe

N-(2-carbamylethyl)glycine Ngln

N-(carbamylmethyl)glycine Nasn

N-(2-carboxyethyl)glycine Nglu

N-(caiboxymethyl)glycine Nasp

N-cyclobutylglycine Ncbut

N-cyclohepty!glycine Nchep

N-cyclohexylglycine Nchex

N-cyclodecylglycine .Ncdec

N-cyclododeclglycine Ncdod

N-cyclooctylglycine Ncoct

IN ~ i^iKj^Ji yj^jy vixa*-' Ncpro

iN-cycjouiiiict<yigiy'.'juic Ncund

N-(2,2-diphenyleUiyl)glycine Nblmi

N-(3,3-diphenylpropyl)glycine Nbhe

N-(3-indolylyetliyl) glycine iNntrp

N-mcthyl-y-aminobutyrate
Nmgabu

D-N-methylmethionine Dnmmet

N-methylcyclopentylalanine Nmcpen

D>N-methyiphenylalanine Dnmphe

D-N-methylproline Dnmpro

D-N-mefliylserine Dnmser

D-N-methylserine • Dnmser

D-N-methylthreonine Dnmthr'



wo 2005/066337 PCT/IL2005/000028

D-N-methyltryptophan Dnmtrp

L/'iN'iuBUiyii.yriiaiuc rinrntvr

D-N-methylvaline Dnmval

y-aminobutyric acid

.

Gabu

L-/-butylglycine Tbug

L-cthylglycinc Etg

]>homophenylalanine Hphe

L-CC-methylargininc
Marg

L-OC-methylaspartate
Masp

L-a-methylcysteiiie
Moys

L-a-methylglutamine
Mgln

i^oi-nietuyiiiisuaiiie
Mhis

I^O-methylisoleucme
Mile

D-N-methylglutaminc Diungin

D-N-methylglutamatc Dnmglu

D-N-methylhistidine Dnmhis

D-N-methylisoleucine Dnmile

D-N-methyUeucine Dnmleu

D-N-metliyllysine Dnmlys

N-methylcyclohexylalaninc Nmchexa

D-N-methylomithtne Dnmom

N-methylglycine Nala

N-methylaminoisobutyrate Nmaib

N-(l-inethylpropyl)glycine Nile

N-(2-niethylpropyl)glycme Nleu

D-N-methyltryptophan Dnmtrp

ly-iN-niouiyiiyiviauiw Dnmtyr

D-N-methylvaline Dnmval

Y-ammobutyric acid
Gabu

L-/-butylglycine Tbug

L>-ethvl Ivcine Etg

L-homophenyla1aninc • Hphe

L-(X-meihylarginine
Marg

L-OC-methylaspartate
Masp

L:(X-methylcysteine
Mcys

• l>CXrmcthylgli]tamine
Mgln

N-(l-methylethyl)glyclne Nva

N-methyla-napthylalanine. Nmanap

N-methylpeniciUamine Nmpen

N-03-hydroxyphenyl)glycine Nntyr

N-(thiomethyl)glycine Ncys

penicillamine Pen

I^CX-methylalanine
Mala

L-OC-methylasparagine
Masn

L-(X-methyl-/-butylglycine
Mtbug

L-methylethylglycine Metg

L-armcthylglutamate
Mglu

L-OC-methylhomo phenylalanine
Mhi)he

N-(2-methylthioethyl)glycine

N-(3-guanidinopropyl)glycine Narg

N-(1-hydro3(yethyl)glycine Nthr

N-(hydroxyethyl)glycine

N-(iinidazolylethyl)glycine
'NThic

N-(3-indolylyethyl)glycinc iNaup

N-methyl-y-aminobutyratc

D-N-methyimethionine Dnnunet

N-methylcyclopentylalanine Nmcpen

D-N-inethylphenylalanine Dnmphe

D-N-methylproline Dnmpro

D-N-methylserlne Dmnser

D-N-methylthreonine Dnmtbr

"M-f 1 -methvlethvl^elvcine Nval

N-methyla-napthylalanine Nmanap

N-methylpeniciUamine Nmpen

N-(p-hydroxyphcnyl)glycine Nhtyr

N-(thiomethyl)glycine Ncys

penicillaniine Pen

I^OCrmethylalanine
Mala

L-C3C-methylasparagine
Masn

L-OC-methyl-r-butylglycine
Mtbug

L-methylethylglycine
• Mctg

L-OrTOcthylglutamate
Mglu
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L-CC-mcthylliistidine
Mhis L-Ormethylhomophenylalanine

Mhphe

L-Ct-metliylisoleucine
Mile N-(2-meth>dthioethyl)glycme Nmet

L-Ct-methylleucine
Mleu l^OC-methyliysine

Mlys

L-a-methylmethionine
Mmet L-OC-methylnorleucine

Mnlc

L-a-tnethylaorvaline
Mnva L-OC^methylomithiiie

Mom

i^u#''iiicujLyipitcxAyi(UouiiLc
Mphe OL-methvlnroLine

Mpro

L-OC-methylserine
mser L-(X-methylthreonine

iviuir

LrOC-methylvaline
Mtip L-a-methyltyrosine

Mtyr

L-CX"Tnethy11eucme
Mval Nnbfam L-N-methy]homophenyia1anine Nmhphe

N-CN-(2,2-diphenylethyl) N-(N-(3,3-diphenylpropyI)

carbamylmethyl-glycine Nnbhm carbamylmetfayKl )glycine Nnbhe

l-carboxy-l-(2,2-diphcnyl Nmbc

ethylainino)cyclopropaae

According to preferred embodiments of the present invention, a BChE derived

peptide is a peptide that includes at least 5, preferably at least 6 amino acids,

preferably, at least 7, more preferably, at least 8, more preferably, at least 9, more

5 preferably, at least 10, more preferably, at least 11, more preferably, at least 12, more

preferably, at least 13, more preferably, at least 14, more preferably, at least 15, more

preferably, at least 16, more preferably, at least 17, more preferably, at least 18, more

preferably, at least 19, more preferably, at least 20, more preferably, at least 21, more

preferably, at least 22, more preferably, at least 23, more preferably, at least 24, more

10 preferably, at least 25, more preferably, at least 26, more preferably, at least 27, more

preferably, at least 28, more preferably, at least 29, more preferably, at least 30, more

preferably, at least 31, more preferably, at least32, more preferably, at least 33, more

preferably, at least 34, more preferably, at least 35, more preferably, at least 36, more

preferably, at least 37, more preferably, at least 38, more preferably, at least 39, most

15 preferably, at least 40 amino acids of the BChE polypeptide as set forth by SEQ ID

NO:2.

Following is a summary of non-limiting BChE derived peptides which can be

used in context ofthe present invention.
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Table 4

Human BChE derivedpeptides

Length (amino acids) SEQWNOs:

6 8-599

7 600-1195

8 1196-1790

9 1791-2384

10 2385-2977

11 2978-3569

12 3570-4171

13 4161-4750

14 4751-5339

15 5340-5927

16 5928-6514

17 6515-7100

18 7101-7685

19 7686-8269

20 8270-8852

21 8853-9434

22 9435-10015

23 10016-10595

24 10596-11174

25 11175-11752

26 11753-12329

27 12330-12905

28 12906-13480

29 13481-14054

30 14055-14627

31 14628-15199

32 15200-15770

33 15771-16340

34 16341-16909

35 16910-17477

36 17478-18044

37 18045-18610

38 18611-19175

39 19176-19739
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19740-20302
|

40

Table 4: SEQ ID niimbers of human BChE derived peptides are presented

according to their size (number of amino acids). The hBChE derived peptides

were designed according to the hBChE sequence (SEQ ID N0:2), SwissProt.

Accession No. P06276.

5

It is hereby reiterated, any of the BChE derived peptides described herein can

be tested for it ability in preventing and/or reversing fibril formation using the assay

method described hereinabove.

According to yet another aspect of the present invention there is provided a

10 pharmaceutical composition comprising as an active ingredient BChE or a BChE

derived peptide, the peptide bemg capable of preventing and/or reversing amyloid

fibril formation; and a pharmaceutically acceptable carrier. Any one or more of die

BChE derived peptides described herein and their functional analogs can be used as

the active ingredient of the pharmaceutical composition of the present invention.

15 According to yet another aspect of the present invention there is provided a

method of treating an individual having or being predisposed to a disease or disorder

associated with amyloid fibril formation. The method according to this aspect of the

invention comprises administering to the individual a therapeutically effective amount

of BChE or BChE derived peptide, thereby treating the individual having or being

20 . predisposed to a disease or disorder associated v^th amyloid fibril formation.

As used herein, the term **treating" refers to inhibiting or arresting the

development of a disease, disorder or condition and/or causing the reduction,

remission, or regression of a disease, disorder or condition. Those of skills in the art

will rmderstand that various methodologies and assays can be used to assess the

25 development of a disease, disorder or condition and similarly, various methodologies

and assays may be used to assess the reduction, remission or regression of a disease,

disorder or condition.

As used herein the term "individual" uicludes both young and old human

beings of both sexes it also refers to animals such as live stock animals. The term

30 . also encompasses individuals who are at risk to develop the amyloid fibril associated

disease or disorder as described hereinabove.
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Any one or more of the BChE derived peptides described herein and their

functional homologs can be used in the methods of the present invention. While

implementing the method of the present invention and according to presently

preferred embodiments of the present invention, the BChE or BChE derived peptide is

5 administered to treated individuals in the form of a pharmaceutical composition.

The presently preferred peptides to be used in the therapeutic method and

pharmaceutical composition described herein are selected from the group consisting

ofSEQ ID NO:l and 8-20302.

Many diseases and disorders can be treated using the therapeutic peptides,

10 pharmaceutical compositions and therapeutic methods of the invention, these diseases

and disorders are associated with amyloid fibril formation, such as, for example,

neurodegenerative disease, e.g., Alzheimer's disease, Huntington's disease and

Parkinson's disease; disorders associated with systemic amyloidosis, such as, but not

limited to, Multiple myeloma. Chronic inflammatory disease, Rheumatoid arthritis, •

15 Tuberculosis, Skin abscess, lung abscess, Cancer, Hodgkin's disease. Hemodialysis

for chronic renal failure, Heredofamilial amyloidosis, Familial Mediterranean Fever

and FamiUal amyloid polyneuropathy (Cardoso I, et aL, 2003, FASEB J. 17: 803-9);

disorders associated with localized amyloidosis, such as, but not limited to. Senile

cardiac amyloidosis. Senile cerebral amyloidosis, Endocrine tumors, Medullary

20 carcinoma of thyroid. Type II diabetes and Pancreatic islets p-cells; prion diseases,

such as, but not limited to, Creutzfeldt-Jakob disease (CJD), spongiofotm

enchephalopathies (TSE*s), mad cow disease, Gerstmann-Straussler-Scheinker disease

(GSS) and Kuru (Guiroy DC, et al., 1994; Acta NeuropathoL (Berl), 87: 526-30).

Spino-Cerebellar Ataxia (SCA); and/or polyglutamine disorders, such as, but not

25 limited to, Huntington's disease (HD; Fox JH et al., 2004, J. Neurochem. 91: 413-22),

Spinal and Bulbar Muscular Atrophy (SBMA), DentatoRubral and PallidoLuysian

Atrophy (DRPLA), spinocerdjellar ataxia type 1 (SCAl; Emamian ES et al, Nexjron.

2003 May 8;38(3):375-87), spinocerebellar ataxia type 2 (SCA2; Satterfield TF, et al.,

2002, Genetics, 162: 1687-702), Spinocerebellar ataxia type-3 (SCA3; Machado-

30 Joseph Disease; Berke .SJ et al., 2004, J. Neurochem, 89: 908-18; Chow MK et al.,

2004, J. Biol. Chem. 279: 47643-51), Spinocerebellar ataxia type 7 (SCA7;

Helmlinger D et ah, 2004, J. Neurosci. 24: 1881-7), and Spinocerebellar ataxia type

17 (SCA17; Tsuji S, 2004, Arch Neurol. 61: 183-4; OdaM, et aL, 2004, Arch Neurol.
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61: 209-12; Ross CA, 2002, Neuron. 35: 819-22). Any one of these diseases and

disorders is associated with amyloid fibril formation of one or more of the following

proteins: Transthyretin, Amyloid beta protein, Procalcitonin, LAPP (Amylin), amyloid

light chain (AL), non-immunoglobulin amyloid associated (AA), non-

5 iramunoglobulin amyloid associated serum precursor (SAA), a-synucleic protein,

ataxin and huntingtin.

The classification of amyloidosis is based upon the tissue distribution of

amyloid deposits (local or systemic amyloidosis), the absence or presence of

preexisting disease (primary or secondary amyloidosis) and the chemical type of

10 amyloid protein fibril. By convention, amyloid fibril types are designated by two

letters: A for amyloid followed by a letter for the chemical type. There are two,

chemically distinct, major types of amyloid protein fibrils designated AL (amyloid

light chain) and AA (non-immunoglobulin amyloid associated), as well as several

minor types, AL fibrils associated mainly with multiple myeloma are related to

15 monoclonal immunoglobxilin light chains synthesized by abnormal plasma cells. AA

fibrils associated mainly with chronic inflammatory diseases are related to the non-

immunoglobulin amyloid associated (AA) protein and its serum precursor (SAA), an

acute phase reactant synthesized by liver cells.

Tables 5 and 6, hereinbelow present the classifications of various amyloidosis

20 — related disorders.

Tables

Classification ofamyloidosis: Systemic Amyloidosis

CUnical

Classification
Associated Condition Amyloid Fibril Type Precursor

Primary or

Secondary
Multiple myeloma AL

Ig lambda (or kappa

chains)

Secondary

Chronic inflanuuatory

disease. Rheumatoid

arthritis, Tuberculosis, Skin

and lung abscesses

AA SAA

Secondary Cancer, Hodgkin*s disease AA SAA
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Secondary Hemodialysis for CRF Beta2-m Beta-2-m

Primary

Heredofamilial

amyloidosis, Familial

Mediterraneaa Fever,

Familial amyloid

polyneuropathy

AA Transthyretin SAA Transthyretin

Table 5: Classification ofsystemic amyloids is presented. CRF chronic renal failure; Beta-

2-m = beta 2-microglobulin (a normal serum protein and a component ofMHC class I molecules);

Transthyretin ^ a normal serum protein that transports thyroxin and retinol (vitamin A) and is

deposited in a variant form.

Table 6

Classification ofamyloidosis: Localized amyloidosis

Associated

Condition
Amyloid Fibril Type Precursor

Senile cardiac

amyloidosis
Transthyretin Transthyretin

Senile cerebral

amyloidosis:

Alzheimer's

disease

Amyloid beta protein
Amyloid precursor

protein (APP)

Endocrine tumors,

Medullary

carcinoma of

thyroid

Procalcitonin Calcitonin

Type II diabetes

Pancreatic islets

p-cells

lAPP (Amylin) lAPP (Amylin)

Table 6: Classification of localized amyloids is presented.

The therapeuticaUy effective amount preferably used in context of the

therapeutic mefliods of the present invention is 0.1 - 1000 micromol of the BChE



wo 2005/066337 PCT/IL2005/000028

26

derived peptide per kg body weight, more preferably, 1-100 micromol per kg body

weight, yet more preferably, 5-50 micromol per kg body weight.

According to still another aspect of the present invention there is provided a

method of preventing and/or reversing amyloid fibril formation in a tissue
,
of an

5 individual. The method according to this aspect of the present invention comprises

increasing a level of BChE or a BChE derived peptide being capable of preventing

and/or reversing amyloid fibril formation in the tissue, thereby preventing arid/or

reversing amyloid fibril formation therein.

The term ^tissue" as used herein refers to part of an organism consisting of an

10 aggregate of cells structured and arranged to perform at least one biological or

physiological function, such as brain tissue, retina, skin tissue, hepatic tissue,

pancreatic tissue, bone tissue, cartilage tissue, joint tissue, lymph node tissue,

connective tissue, blood tissue, muscle tissue, cardiac tissue, brain tissue, vascular

tissue, renal tissue, pulmonary tissue, gonadal tissue, hematopoietic tissue and fat

15 tissue. Amyloid fibrils and amyloid fibrils associated diseases and disorders may be

associated with any one ofthe above listed tissues.

A.ccording to yet another aspect of tiie present invention there is provided a

method of treating an individual having or being predisposed to a disease or disorder

associated with amyloid fibril formation. The method according to this aspect of the

20 present invention comprises increasing a level ofBChE or a BChE derived peptide in

a tissue susceptible to amyloid fibril formation in that individual, thereby treating the

individual having or being predisposed to a disorder associated with amyloid fibril

formation.

As is further detailed below, increasing a level of BChE or a BChE derived

25 peptide being capable of preventing and/or reversing amyloid fibril formation is

effected by at least one approach selected firom the group consisting of (a) expressing

in cells of the individual an exogenous polynucleotide encoding the BChE or the

BChE derived peptide; (b) increasing expression of endogenous BChE in the

individual; (c) increasing endogenous BChE activity in the individual; (d)

30 administering BChE or the BChE derived peptide to the individual; and (e)

administering to the individual cells expressing the BChE or the BChE derived

peptide.
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Increasing the level ofBChE or a BChE derived peptide capable of preventing

and/or reversing amyloid fibril formation can be effected in many ways, such as by

upregulating expression of endogenous BChE or by introducing into the tissue

exogenous BChE, portions thereof or polynucleotide sequences encoding either.

5 Upregulation of endogenous BChE can be effected at the genomic level (/.e„

activation of transcription via promoters, enhancers, regulatory elements), at the

transcript level {i.e., correct splicing, polyadenylation, activation of translation) or at

the protein level {i.e., post-translational modifications, interaction with inhibitors

and/or substrates and the like). For example, upregulating the endogenous expression

10 of BChE can be achieved by administering at least one natural or synthetic substrate

and/or ligand of a transcription factor controlling BChE gene expression in amoimts

suflBcient to induce a natural response of overproduction of BChE. However, since

peripheral site ligands activate the hydrolytic activity of BChE (Glick, 2003), it is

possible to modulate this activity by co-administration of the ligand with specific

15 BChE inhibitors.

Thus, an agent capable of upregulating BChE may be any compound which is

capable of increasing the transcription and/or translation of an endogenous DNA or

mRNA encoding the BChE and thus increasing endogenous BChE activity.

Upregulating expression of BChE via exogenous polypeptide or

20 polynucleotide sequences can be effected by introducing into cells of the tissue an

exogenous polynucleotide sequence designed and constructed to express at least a

portion of the BChE. Accordingly, the exogenous polynucleotide sequence may be a

DNA or RNA sequence encoding a BChE molecule, capable of preventing and/or

reversing amyloid fibril formation.

25 BChE sequences have been cloned fi:pm various sources including human

(Prody, PNAS, 1987; Arpagaus,M. et al., 1990, Biochemisfay 29: 124-131; GenBank

Accession No. P06276; SEQ ID .NO:2), rat (Nakahara T, et al., 2003, Urol. Res. 31:

223-226; GenBank Accession No. NP_675231; SEQ ID NO:20303), mouse

(Rachinsky TL, et al., 1990, Neuron 5: 317-327; GenBank Accession No.

30 NP_033868, Q03311; SEQ ID NO:20304), cat (Bartels CF, et al., 2000, Biochem.

Pharmacol. 60: 479-487; GenBank Accession No. 062760; SEQ ID NO:20305), tiger

(GenBank Accession No. 062761; SEQ ID NO:20306), sheep (Arpagaus M, et al.,

1991, J. Biol. Chem. 266: 6966-6974; GenBank Accession No. P32753; SEQ ID
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NO:20607), pig [Arpagaus, 1991 (Supra); GenBank Accession No. P32752; SEQ ID

NO:20308], monkey [Arpagaus, 1991 (Supra); GenBank Accession No. P32751; SEQ

ID NO:20309], dog [Arpagaus, 1991 (Supra); GenBank Accession No. P32750; SEQ

ID NO:20310], bovine [Arpagaus, 1991 (Supra); GenBank Accession No, P32749;

5 SEQ ED NO:20311], rabbit, (Jbilo, O. and Chatonnet, A., 1990, Nucleic Acids Res.

18: 3990; GenBank Accession No. P21927; SEQ ID NO:20312), horse [Moora DR, et

al. In: Doctor, B,P., et al., (Eds.); STRUCTURE AND FUNCTION OF

CHOLINESTERASES AND RELATED PROTEINS, pp. 145-146, Plenum Press,

- New York and London (1998); GenBank Accession No. P81908; SEQ ID

10 NO:20313], chicken (GenBank Accession No. NP_989977; SEQ ID NO:20314)

sources. Thus, coding sequences information for BChE is available from several

databases including the GenBank database available through - www,ncbi,nlm.nih.gov/

and the SwissProt database available through - au.expasy.org/sprot/.

To express exogenous BChE in manunaUan cells, a polynucleotide sequence

15 encoding a BChE is preferably ligated into a nucleic acid construct suitable for

expression in mammalian cells. Such a nucleic acid construct includes a promoter

sequence for directing transcription of the polynucleotide sequence in the cell in a

constitutive or inducible maimer.

It will be appreciated that the nucleic acid construct of the present invention

20 can utihze BChE as set forth in SEQ ID NO:7 or homologs thereof which exhibit the

desired activity {e.g., prevention and/or reversal of amyloid fibril formation). Such

. homologues can be, for example, at least 70 %, preferably, at least 71 %, more

preferably, at least 72 %, more preferably, at least 73 %, more preferably, at least 74

%, more preferably, at least 75 %, more preferably, at least 76 %, more preferably, at

25 least 77 %, more preferably, at least 78 %, more preferably, at least 79 %, more

preferably, af least 80 %, at least 81 %, at least 82 %, at least 83 %, at least 84 %, at

least 85 %, at least 86 %, at least 87 %, at least 88 %, at least 89 %, at least 90 %, at

least 91 %, at least 92 %, at least 93 %, at least 94 %, at least 95 %, at least 96 %, at

least 97 %, at least 98 %, at least 99 % or 100 % identical to SEQ ID NO:7, as

30 determined using the BestFit software of the Wisconsin sequence analysis package,

. utilizing the Smith and Waterman algorithm, where gap weight equals 50, length

. weight equals 3, average match equals 10 and average mismatch equals -9.
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Similarly, the nucleic acid construct of the present invention includes a

polynucleotide encoding a polypeptide at least 70 %, preferably, at least 71 %, more

preferably, at least 72 %, more preferably, at least 73 %, more preferably, at least 74

%, more preferably, at least 75 %, more preferably, at least 76 %, more preferably, at

5 least 77 %, more preferably, at least 78 %, more preferably, at least 79 %, more

preferably, at least 80 %, more preferably, at least 81 %, more preferably, at least 82

%, more preferably, at least 82 %, more preferably, at least 83 %, more preferably, at

least 84 %, more preferably, at least 85 %, more preferably, at least 86 %, more

preferably, at least 87 %, more preferably, at least 88 %, more preferably, at least 89

10 %, more preferably, at least 90 %, more preferably, at least 91 %, more preferably, at

least 92 %, more preferably, at least 93 %, more preferably, at least 94 %, more

preferably, at least 95 %, more preferably, at least 96 %, more preferably, at least 97

%, more preferably, at least 98 %, more preferably, at least 99 % homologous (similar

+ identical) to the polypeptide set forth by SEQ ID NO:2, as determined using the

15 BlastP software of the National Center of Biotechnology Information (NCBI) using

default parameters.

Constitutive promoters suitable for use with the present invention are promoter

sequences which are active under most environmental conditions and most types of

cells such as the cytomegalovirus (CMV) and Rous sarcoma virus (RSV), Inducible

20 promoters suitable for use with the present invention include, for example, the

oxidative stress-inducible peroxidase (POD) promoter (Kim KY, et al., 2003, Plant

Mol. Biol. 51: 831-8) which is expected to upregulate the expression BChE in

response to the oxidative stress present e.g., in the brain of Alzheimer's patients

(Boyd-Kimball D, et al., 2004, Chem. Res, Toxicol. 17: 1743-9), as well as the

25 tetracycline-inducible promoter (Zabala M, et al,, 2004, Cancer Res. 64: 2799-804)

which can be activated by tetracycline uptake.

It will be appreciated that specific upregulation of BChE expression in

amyloid fibril - containing cells or tissues can be achieved using a promoter which is

induced in the presence of amyloid fibrils, such as the BACEl (beta-secretase) (Tong

30 Y, et al., J Neural Transm. 2004 Dec 22; Epub ahead of print) and caveolin-3

(Nishiyama K, et al., 1999, J. NeuroscL 19: 6538-48) promoters.

The nucleic acid construct (also referred to herein as an "expression vector")

used while implementing the present invention preferably includes additional
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sequences which render this vector suitable for repUcation and integration in

prokaryotes, eukaryotes, or preferably both (e.g., shuttle vectors). In addition, a

typical cloning vector may also contain a transcription and translation initiation

sequence, transcription and translation terminator and a polyadenylation signal.

5 Eukaryotic promoters typically contain two types of recognition sequences,

the TATA box and upstream promoter elements. The TATA box, located 25-30 base

pairs upstream of the transcription initiation site, is thought to be involved in directing

RNA polymerase to begin RNA synthesis. The other upstream promoter elements

determine the rate at which transcription is initiated.

10 Enhancer elements can stimulate transcription up to 1,000 fold from linked

homologous or heterologous promoters. Enhancers are active when placed

downstream or upstream from the transcription initiation site. Many enhancer

elements derived from viruses have a broad host range and are active in a variety of

tissues. For example, the SV40 early gene enhancer is suitable for many cell types.

15 Other enhancer/promoter combinations that are suitable for the present invention

include those derived from polyoma virus, human or murine cytomegalovirus (CMV),

the long term repeat from various retroviruses such as murine leukemia virus, murine

or Rous sarcoma virus and HIV. See, Enhancers and Eukaryotic Expression, Cold

Spring Harbor Press, Cold Spring Harbor, N.Y. 1983, which is incorporated herein by

20 reference.

In the construction of the expression vector, the promoter is preferably

positioned approximately the same distance from the heterologous transcription start

site as it is from the transcription start site in. its natural setting. As is known in the

art, however, some variation in this distance can be accommodated without loss of

25 promoter function.

Polyadenylation sequences can also be added to the expression vector in order

to increase the stability (Soreq et al., JMB, 1974) or efficiency of BChE mKNA

translation. Two distinct sequence elements are required for accurate and efficient

polyadenylation: GU or U rich sequences located downstream from the

30 polyadenylation site and a highly conserved sequence of six nucleotides, AAUAAA,

located 1 1-30 nucleotides upstream. Termination and polyadenylation signals that are

suitable for flie present invention include those derived from SV40.
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In addition to the elements already described, the expression vector of the

present invention may typically contain other specialized elements intended to

increase the level of expression of cloned nucleic acids or to facilitate the

identification of cells that carry the recombinant DNA. For example, a number of

5 animal viruses contain DNA sequences that promote the extra chromosomal

replication of the viral genome in permissive cell types. Plasmids bearing these viral

replicons are replicated episomally as long as the appropriate factors are provided by

genes either carried on the plasmid or with the genome of the host cell.

The vector may or may not include a eukaryotic replicon. If a eukaryotic

10 replicon is present, then the vector is amplifiable in eukaryotic cells using the

appropriate selectable marker. If the vector does not comprise a eukaryotic replicon,

no episomal amplification is possible. Instead, the recombinant DNA integrates into

the genome of the engineered cell, where the promoter directs expression of the

desired nucleic acid.

15 The expression vector of the present invention can further include additional

polynixcleotide sequences that allow, for example, the translation of several proteins

from a single mRNA such as an intemal ribosome entry site (IRES) and sequences for

genoniic integration of the promoter-chimeric polypeptide.

Examples for mammalian expression vectors include, but are not limited to,

20 pcDNA3, pcDNAS. !(+/-), pGL3, pZeoSV2(+/-), pSecTag2, pDisplay, pEF/myc/cyto,

pCMV/myc/cyto, pCR3.1, pSinRepS, DH26S, DHBB, pNMTl, pNMT41, pNMTSl,

which are available from Invitrogen, pCI which is available from Promega, pMbac,

pPbac, pBK-RSV and pBK-CMV which are available from Strategene, pTRES which

is available from Clontech and their derivatives.

25 To enable secretion of the expressed BChE or BChE derived peptides into the

extracellular environment from cells transformed with any of the expression vectors

described herein, the expression vector preferably includes additional sequences

encoding for signal peptide for seretion being in frame with the sequence encoding for

the BChE or BChE derived peptides, so as to allow secretion of the recombinant

30 BChE or derived derived peptides.

Expression vectors containing regulatory elements from eukaryotic viruses

such as retroviruses can be also used. SV40 vectors include pSVT7 and pMT2.

Vectors derived from bovine papUloma virus include pBV-lMTHA and vectors



wo 2005/066337 PCT/IL2005/000028

32

derived from Epstein Bar virus include pHEBO and p205. Other exemplary vectors

include pMSG, pAV009/A^, pMTOlO/A^, pMAMneo-5, baculovirus pDSVE and any

other vector allowing expression of proteins under the direction of the SV-40 early

promoter, SV-40 later promoter, metallothionein promoter, murine mammary tumor

5 virus promoter, Rous sarcoma virus promoter, polyhedrin promoter, or other

promoters shown effective for expression in eukaryotic cells.

As described aibove, viruses are very specialized infectious agents that have

evolved, in many cases, to elude host defense mechanisms. Typically, viruses infect

and propagate in specific cell types. The targeting specificity of viral vectors utiUzes

10 its natural specificity to specifically target predetermined cell types and thereby

introduce a recombinant gene into the infected cell- Thus, the type of vector used by

the present invention will depend on the cell type transformed. The ability to select

suitable vectors according to the cell type transformed is well within the capabilities

of the ordinary skilled artisan and as such no general description of selection

15 consideration is provided herein. For example, bone marrow cells can be targeted

using the human T cell leukemia virus type I (HTLV-I) and kidney cells may be

targeted using the heterologous promoter present in the baculovirus Autographa

califomica nucleopolyhedrovirus (AcN4NPV) as described in Liang CY et al, 2004

(Arch Virol. 149: 51-60).

20 Recombinant viral vectors are useful for in vivo expression of BChE since

ttiey offer advantages such as lateral infection and targeting specificity. Lateral

infection is inherent in the life cycle of, for example, retrovirus and is the process by

which a single infected cell produces many progeny virions that bud off and infect

neighboring cells. The result is that a large area becomes rapidly infected, most of

25 which was not initially infected by the origmal viral particles. This is in contrast to

vertical-type of infection in which the infectious agent spreads only through daughter

progeny. Viral vectors can also be produced that are unable to spread laterally. This

characteristic can be usefiil if the desired purpose is to introduce a specified gene into

only a localized number of targeted cells.

30 Various methods can be used to introduce the expression vector of the present

invention into stem cells. Such methods are generally described in Sambrook et al.,

Molecular Cloning: A Laboratory Manual, Cold Springs Harbor Laboratory, New

York (1989, 1992)i in Ausubel et al.. Current Protocols in Molecular Biology, John
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Wiley and Sons, Baltimore, Md. (1989), Chang et al. Somatic Gene Therapy, CRC

Press, Ann Arbor, Mich. (1995), Vega et al,. Gene Targeting, CRC Press, Ann Arbor

Mich. (1995), Vectors: A Siirvey of Molecular Cloning Vectors and Their Uses,

Butterworths, Boston Mass. (1988) and Gilboa et at. [Biotechniques 4 (6): 504-512,

5 1986] and ^include, for example, stable or transient transfection, lipofection,

electroporation and infection with recombinant viral vectors. In addition, see U.S.

Pat. Nos, 5,464,764 and 5,487,992 for positive-negative selection methods.

Introduction of nucleic acids by viral infection offers several advantages over

other methods such as lipofection and electroporation, since higher transfection

1 0 efficiency can be obtained due to the infectious nature of viruses.

It will be appreciated that increasing the BChE or BChE derived peptide level

can be also effected by administration of BChE or BChE derived peptide expressing

cells into the individual which cells are capable of secreting BChE or BChE derived

peptide into the cellular environment of the amyloid fibrils, i.e., in the tissues where

15 amyloid fibrils are present. Examples for such tissues include, but are not limited to,

brain, lung, skin, lymph nodes.

BChE or BChE derived peptide expressing cells can be any suitable cells, such

as embryonic stem cells (e.g., embryonic germ cells, embryonic stem cells or cord

blood cells), adult stem cells (e.g., bone marrow cells, mesenchymal stem cells, adult

20 tissue stem cells), neuronal cells, hematopoietic cells, keratinocyte cells, lymph node

cells which are derived firoin the individual and are transfected ex vivo with an

expression vector containing the polynucleotide designed to express and secrete

BChE or BChE derived peptide as described hereinabove.

Administration of the BChE or BChE derived peptide expressing cells of the

25 present invention can be effected using any suitable route such as intravenous, intra

peritoneal, intra spine, intra gastrointestinal track, subcutaneous, transcutaneous,

intramuscular, intracutaneous, intrathecal, epidural and rectal. According to presently

preferred embodiments, the BChE or BChE derived peptide expressing cells of the

present invention are introduced to the individual using intravenous, intra spine and/or

30 intra peritoneal administrations.

BChE or BCbE derived peptide expressing cells of the present invention can

be derived from either autologous sources such as self bone marrow cells,

mesenchymal stem cells and/or adult tissue stem cells or from allogeneic sources such
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autologous cells are likely to induce an immune reaction when administered to the

body several approaches have been developed to reduce the likelihood of rejection of

non-autologous cells. These include either suppressing the recipient immune system

5 or encapsulating the non-autologous cells or tissues in inamunoisolating,

semipermeable membranes before transplantation.

Encapsulation techniques are generally classified as microencapsulation,

involving small spherical vehicles and macroencapsulation, involving larger flat-sheet

and hollow-fiber membranes (Uludag, H. et al. Technology of manraialian cell

10 encapsulation. Adv Drug Deliv Rev. 2000; 42: 29-64).

Methods of preparing microcapsules are known in the arts and include for

example those disclosed by Lu MZ, et al., Cell encapsulation with alginate and alpha-

phenoxycinnamylidene-acetylated poly(allylamine). Biotechnol Bioeng. 2000, 70:

479-83, Chang TM and Prakash S. Procedures for microencapsulation of enzymes,

15 cells and genetically engineered nodcroorganisms. Mol Biotechnol. 2001, 17: 249-60

and Lu MZ, et aL, A novel ceU encapsulation method using photosensitive

poly(aUylaniine alpha-cyanocinnamylideneacetate). J Microencapsul. 2000, 17: 245-

51.

For example, ncdcrocapsules are prepared by complexing modified collagen

20 with a ter-polymer shell of 2-hydroxyethyl methylacrylate (HEMA), methacryUc acid

(MAA) and methyl methacrylate (MMA), resulting in a capsule thickness of 2-5 ^m.

Such microcapsules can be further encapsulated with additional 2-5 |Lim ter-polymer

shells in order to impart a negatively charged smooth surface and to minimize plasma

protein absorption (Chia, S.M. et al. Multi-layered microcapsules for cell

25 encapsulation Biomaterials. 2002 23 : 849-56).

Other microcapsules are based on alginate, a marine polysaccharide

(Sambanis, A. Encapsulated islets in diabetes treatment. Diabetes Thechnol. Then

2003, 5: 665-8) or its derivatives. For example, microcapsules can be prepared by the

polyelectrolyte complexation between the polyanions sodium alginate and sodium

30 cellulose sulphate with the polycation poly(methylene-co-guanidine) hydrochloride in

the presence of calcium chloride.
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It will be appreciated that cell encapsulation is improved when smaller

capsules are used. Thus, the quality control, mechanical stability, diffusion properties

and in vitro activities of encapsulated cells improved when the capsule size was

reduced from 1 mm to 400 |im (Canaple L. et al.. Improving cell encapsulation

5 through size control, J Biomater Sci Polym Ed. 2002;13: 783-96). Moreover,

nanoporous biocapsules with well-controlled pore size as small as 7 nm, tailored

surface chemistries and precise microarchitectures were foxuid to successfully

immunoisolate microenvironments for cells (Williams D. Small is beautiful:

microparticle and nanoparticle technology in medical devices. Med Device Technol.

10 1999, 10: 6-9; Desai, T.A. Microfabrication technology for pancreatic cell

encapsulation. Expert Opin Biol Ther. 2002, 2: 633-46).

It will be appreciated that prevention and/or reversing the formation of

amyloid fibrils in an individual who is at risk of developing amyloid fibrils (e.g., an

individual who is predisposed to an amyloid fibril - related disease or disorder as

15 described hereinbelow) can be effected by transplanting BChE or BChE derived

peptide expressing stem cells in the individual. Such cells can be for example,

embryonic or adults stem cells [e.g., bone marrow cells, mesenchymal stem cells

(MSG)] which following their differentiation in the individual are immune to fibril

formation.

20 It will be appreciated and it is described above in greater detail, increasing the

level of BChE and or/BChE derived peptide can also be effected by direct

administration of same to a treated individual, preferably formulated in a

phamiaceutical composition.

The polynucleotide, polypeptide, peptide or cells expressing and/or secreting

25 same of the present invention can be administered to an organism per se, or in a

pharmaceutical composition where it is mixed with suitable carriers or excipients.

As used herein a "pharmaceutical composition" refers to a preparation of one

or more of the active ingredients described herein with other chemical components

such as physiologically suitable carriers and excipients. The purpose of a

30 pharmaceutical composition is to facilitate administration of a compound to an

organism.

Herein the term "active ingredient" refers to the polynucleotide, polypeptide,

peptide or cells expressing and/or secreting same accountable for the biological effect.
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Hereinafter, the phrases "physiologically acceptable carrier" and

"pharmaceutically acceptable carrier" which may be interchangeably used refer to a

carrier or a diluent that does not cause significant irritation to an organism and does

not abrogate the biological activity and properties of the administered compound. An

5 adjuvant is included under these phrases. The pharmaceutically acceptable carrier can

be selected for reducing an immugenicity of the active ingredient, e.g., BChE derived

peptide, of the present invention and/or the pharmaceutically acceptable carrier can be

designed to allow sustained/controlled and/or slow release of the active ingredient.

PEG and liposomes can be nsed to achieve one or more ofthese aims.

10 Herein the term "excipient" refers to an inert substance added to a

pharmaceutical composition to further facilitate administration of an active ingredient.

Examples, without limitation, of excipients uiclude calcium carbonate, calcium

phosphate, various sugars and types of starch, cellxilose derivatives, gelatin, vegetable

oils and polyethylene glycols.

15 Techniques for formulation and administration of drugs may be found in

"Remington's Phannaceutical Sciences," Mack Publishing Co,, Easton, PA, latest

edition, ^yhich is incorporated herein by reference.

Suitable routes of administration may, for example, include oral, rectal,

transmucosal, especially transnasal, intestinal or parenteral delivery, including

20 intramuscular, subcutaneous and intramedullary injections as well as intrathecal,

direct intraventricular, intravenous, inrtaperitoneal, intranasal, or intraocular

injections.

Alternately, one may administer the pharmaceutical composition in a local

rather than systemic manner, for example, via injection of the pharmaceutical

25 composition directly into a tissue region of a patient.

Pharmaceutical compositions of the present invention may be manufactured

by processes well known in the art, e.g., by means of conventional mixing, dissolving,

granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or

lyophilizing processes.

30 Phannaceutical compositions for use in accordance with the present invention

thus may be formulated in conventional naanner using one or more physiologically

acceptable carriers comprising excipients and auxiliaries, which facilitate processing
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of the active ingredients into preparations which, can be used pharmaceutically.

Proper formulation is dependent upon the route of administration chosen.

For injection, the active ingredients ofthe pharmaceutical composition may be

formulated in aqueous solutions, preferably in physiologically compatible buffers

such as Hank's solution. Ringer's solution, or physiological salt buffer. For

transmucosal administration, penetrants appropriate to the barrier to be permeated are

used in the formulation. Such penetrants are generally known in the art.

For oral administration, the pharmaceutical composition can be formulated

readily by combining the active compoimds with pharmaceutically acceptable carriers

well known in the art. Such carriers enable the pharmaceutical composition to be

formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries,

suspensions and the like, for oral ingestion by a patient. Pharmacological

preparations for oral use can be made \ising a solid excipient, optionally grinding the

resulting mixture and processing the mixture of granules, after adding suitable

auxiliaries if desired, to obtain tablets or dragee cores. Suitable excipients are, in

particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol;

cellulose preparations such as, for example, maize starch, wheat starch, rice starch,

potato starch, gelatin, gum tragacanth, methyl- cellulose, hydroxypropyhnethyl-

ceUulose, sodium carbomethylcellulose; and/or physiologically acceptable polymers

such as polyvinylpyrrolidone (PVP). If desired, disintegrating agents maybe added,

such as cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such

as sodium alginate.

Dragee cores are provided with suitable coatings. For this purpose,

concentrated sugar solutions may be used which may optionally contain gum arable,

talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, titanixjm dioxide,

lacquer solutions and suitable organic solvents or solvent mixtures. Dyestuffs or

pigments may be added to the tablets or drgigee coatings for identification or to

characterize different combinations of active compound doses.

Pharmaceutical compositions which can be used orally, include push-fit

capsules made of gelatin as well as soft, sealed capsules made of gelatin and a

plasticizer, such as glycerol or sorbitol. The push-fi^t capsules may contain the active

ingredients in admixture with filler such as lactose, binders such as starches,

lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft
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capsules, the active ingredients may be dissolved or suspended in suitable liquids,

such as fatty oils, liquid paraffin, or liqxiid polyethylene glycols. In addition,

stabilizers may be added. All formulations for oral administration should be in

dosages suitable for the chosen route of administration,

5 For buccal administration, the compositions may take the form of tablets or

lozenges fonnulated in conventional manner.

For administration by nasal inhalation, the active ingredients for use according

to the present invention are conveniently delivered in the form of an aerosol spray

presentation from a pressurized pack or a nebulizer v^ith the use of a suitable

10 propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, dichloro-

tetrafluoroethane or carbon dioxide. In the case of a pressxrazed aerosol, the dosage

unit may be determined by providing a valve to deliver a metered amount. Cz^sules

and cartridges of, e.g., gelatin for use in a dispenser may be formulated containing a

powder mix of the compound and a suitable powder base such as lactose or starch.

15 The pharmaceutical composition described herein may be fonnulated for

parenteral administration, e.g., by bolus injection or continuous infusion.

Formulations for injection may be presented in unit dosage form, e.g., in ampoules or

in multidose containers with optionally, an added preservative. The compositions

may be suspensions, solutions or emulsions in oily or aqueous vehicles and may

20 contain formulatory agents such as suspeading, stabilizing and/or dispersing agents.

Pharmaceutical compositions for parenteral administration include aqueous

solutions of the active preparation in water-soluble form. Additionally, suspensions

of the active ingredients may be prepared as appropriate oily or water based injection

suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as sesame

25 oil, or synthetic fatty acids esters such, as ethyl oleate, triglycerides or liposomes.

Aqueous injection suspensions may contain substances, which increase the viscosity

of the suspension, such as sodium carboxymethyl cellulose, sorbitol or dextran.

Optionally, the suspension may also contain suitable stabilizers or agents which

increase the solubility of the active ingredients to allow for the preparation of highly

30 concentrated solutions.

Alternatively, the active ingredient may be in powder form for constitution

with a suitable vehicle, e.g., sterile, pyrogen-firee water based solution, before use.
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The pharmaceutical composition of the present invention may also be

formulated in rectal compositions such as suppositories or retention enemas, using,

e.g., conventional suppository bases such as cocoa butter or other glycerides.

Pharmaceutical compositions suitable for use in context of the present

invention include compositions wherein the active ingredients are contained in an

amount effective to achieve the intended purpose. More specifically, a therapeutically

effective amount means an amount of active ingredients (Le,, the polynucleotide,

polypeptide, peptide or cells expressing and/or secreting same) effective to prevent,

alleviate or ameliorate symptoms of a disorder (e.g,, amyloid fibril - related disease or

disorder) or prolong the survival ofthe snbject being treated.

Determination of a therapeutically effective amount is well within the

capability of those skilled in the art, especially in light of the detailed disclosure

provided herein.

For any preparation used in the methods of the invention, the therapeutically

effective amount or dose can be estimated initially fi'om in vitro and cell culture

assays. For example, a dose can be formulated in animal models to achieve a desired

concentration or titer. Such information can be used to more accurately determine

useful doses in humans.

Toxicity and therapeutic efficacy ofthe active ingredients described herein can

be determined by standard pharmaceutical procedures in vitro, in cell cultures or

experimental animals. The data obtained firom these in vitro and cell culture assays

and animal studies can be used in formulating a range of dosage for use in human.

The dosage may vary depending upon the dosage form employed and the route of

administration utilized. The exact formulation, route of administration and dosage

can be chosen by the individual, physician in view ofthe patient's condition. (See e.g.,

Fingl, et al., 1975, in "The Pharmacological Basis of Therapeutics", Ch. 1 p.l).

Dosage amount and interval may be adjusted individually to provide tissue

levels (e.g., plasma or brain) of the active ingre^ent are sufficient to prevent amyloid

fibril fomiation (minimal effective concentration, MEC). The MEC will vary for each

preparation, but can be estimated firom in vitro data. Dosages necessary to achieve the

MEC will depend on individual characteristics and route of administration. Detection

assays can be used to determine plasma concentrations.
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Depending on the severity and responsiveness of the condition to be treated,

dosing can be of a single or a plurality of administrations, with course of treatment

lasting from several days to several weeks or until cure is effected or diminution of

the disease state is achieved.

5 The amount of a composition to be administered will, of course, be dependent

on the subject being treated, the severity of the affliction, the manner of

administration, thejudgment of the prescribing physician, etc.

Compositions of the present invention may, if desired, be presented in a pack

or dispenser device, such as an FDA approved kit, which may contain one or more

.10 unit dosage forms containing the active ingredient. The pack may, for example,

comprise metal or plastic foil, such as a blister pack. The pack or dispenser device

may be accompanied by instructions for administration. The pack or dispenser may

also be accommodated by a notice associated with the container in a form prescribed

by a governmental agency regulating the nianufacture, use or sale ofpharmaceuticals,

15 which notice is reflective of approval by the agency of the form of the compositions

or human or veterinary administration. Such notice, for example, may be of labeling

approved by the U.S. Food and Drug Administration for prescription drugs or of an

approved product insert. Compositions comprising a preparation of the invention

formulated in a compatible pharmaceutical carrier may also be prepared, placed in an

20 appropriate container and labeled for treatment of an indicated condition, as if further

detailed above.

While further reducing the present invention to practice, the present inventors

have uncovered that BChB can be used to reduce the acetylcholine — mediated control

over inflammatory reactions.

25 As is shown in Table 8 and described in Example 2 of the Examples section

\yhich follows, BChE, the soluble cholinesterase, is more accessible to circulating

ACh than AChE. In addition, imder high concentrations ofACh, BChE's capacity to

hydrolyze ACh , is only 12-fold lower than that of AChE. Nevertheless, BChE

constitutes only 10 % of liie circulation capacity to hydrolyze Ach, Therefore, the

30 present inventors have uncovered that BChE administration shall not increase the

inflammatory load, opposite to the case ofAChE administration, which reduces ACh

drastically, relieving the blockade over the synthesis by macrophages of pro-



wo 2005/066337 PCT/IL2005/000028

41

inflammatory cytokines (Tracey, 2002), Thus, BChE but not AChE is predicted to

avoid the cholinergic-mediated inflammatory reaction.

Hence, according to an additional aspect of tlie present invention there is

provided a method of limiting or reducing an inflammatory reaction in an individual

5 treated with a cholinesterase. The method according to this aspect of the invention

comprises increasing an expression level and/or activity of BChE in the individual,

avoiding the risk of inflammatory reaction in the individual. TThis method may find

particular use in treating the inflammatory reactions mediated by circulating

organophosphate insecticides or chemical warfare agents, which are oftentimes

10 associated with individuals subjected to occupational or wartime exposure of such

agents. To a certain extent, BChE should be viewed as a balancer of the cholinergic

status ia the peripheral circulation. Because inflammation is conceived as a

contributor to numerous neurodegenerative diseases, its capacity to maintain a neutral

inflammatory load is an important virtue under conditions requiring prolonged

15 treatment.

Such inflammatory reactions are typically mediated by at least one pro-

inflammatory cytokine selected from the group consisting of IL-1, IL-la, IL-ip, IL-

Iss, IL-6, IL-8, IL-10, IL-12, IL-18 and TNFa secreted by cells participating in the

inflammatory reactions, e,g,, neutrophils, monocytes and eosinophils, or by tissue

20 residing macrophages (Borovikova et al., 2000, Wang et al, 2O03).

Increasing the expression level and/or activity of BChE in 'the individxial

according to this aspect of the present invention is effected by at least one approach

selected from the group consisting of (a) expressing in cells of the individual an

exogenous polynucleotide encoding at least a functional portion of BChE; (b)

25 increasing expression of endogenous BChE in the individual; (c) increasing

endogenous BChE activity in the individual; (d) administering an exogenous

polypeptide including at least a functional portion of BChE to the individual; and (g)

administering BChE expressing cells into the individual. Each one of fliese

approaches is described in greater detail hereinabove.

30 The phrase "functional portion" as used herein refers to a part of the BChE

protein {Le., a polypeptide) which exhibits fimctional properties of the enzyme such

as binding to its substrate. According to preferred embodiments of the present
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invention the functional portion of BChE is a polypeptide sequence including amino

29-602 (mature BChE protein), optionally, amino acids 1-602 as set forth in SEQ ED

NO:2.

Examples of diseases and disorders associated with inflammatory reactions

5 include, but are not limited to, Alzheimer's disease (Nikolov R, 1998, Drug News

Perspect. 11: 248-55), sepsis (Wang H, et al., 2004, Nat. Med. 10: 1216-21. Epub

2004 Oct 24), asdima and chronic obstructive pulmonary disease (COPD) (Gosens R,

et al., 2004, Eur. J. Pharmacol. 500: 193-201), rheumatoid arthritis (RA) (Hansel S, et

al., 2003, Atherosclerosis. 170: 177-80), Inflammatory bowel disease (e.g., Crohn's

10 disease, ulcerative colitis) (Hatoum OA, et al., 2003, Gastroenterology. 125: 58-69),

Sjogren's syndrome (SS) (Borchers AT, et al., 2003, Clin. Rev. Allergy Immunol. 25:

89-104), acute systemic inflammation (Chia S, et al., 2003, J. Am. Coll. Cardiol. 41:

333-9), chronic inflammatory disease, tuberculosis, skin and lung abscesses. All

these diseases and disorders can be treated using BChE as an anti-inflammatory agent

15

Additional objects, advantages and novel features of the present invention will

become apparent to one ordinarily skilled in the art upon examination of the following

examples, which are not intended to be limiting. Additionally, each of the various

embodiments and aspects of the present invention as delineated hereinabove and as

20 claimed in the claims section below finds experimental support in the following

examples.

EXAMPLES

Reference is now made to the following examples, which together with the

25 above descriptions, illustrate the invention in a non limiting fashion.

Generally, the nomenclature used herein and the laboratory procedures utilized

in the jpresent invention include molecular, biochemical, microbiological and

recombinant DNA techniques. Such techniques are thoroughly explained in the

literature. See, for example, "Molecular Cloning: A laboratory Manual" Sambrook et

30 al., (1989); "Current Protocols in Molecular Biology" Volunxes I-IH Ausubel, R, M.,

Ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and

Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",

John Wiley & Sons, New York (1988); Watson et al„ "Recombinant DNA", Scientific
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American Books, New York; Birrea et al, (Eds.) "Genome Analysis: A Laboratory

Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York: (1998);

methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531;

5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook", Volumes I-III

5 Cellis, J. E., Ed. (1994); "Culture ofAnimal Cells - A Manual of Basic Technique" by

Freshney, Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in

hnmunology" Volumes I-ffl Coligan L E„ Ed. (1994); Stites et al. (Eds.), "Basic and

Clinical hnmunology" (8th Edition), Appleton & Lange, Nonvalk, CT (1994);

Mishell and Shiigi (Eds.), "Selected Methods in Cellular hnmunology", W. H.

10 Freeman and Co., New York (1980); available immunoassays are extensively

described m the patent and scientific literature, see, for example, U.S. Pat. Nos.

3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262;

3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219;

5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., Ed. (1984);

15 'TSfucleic Acid Hybridization" Hames, B. D, and Higgins S. J., Eds. (1985);

"Transcription and Translation" Hames, B. D. and Higgins S. J., Eds. (1984); "Animal

Cell Culture" Freshney, R. L, Ed. (1986); "hnmobilized Cells and Enzynaes" IRL

Press, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and

"Methods in Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A GuideTo

20 . Methods And AppUcations", Academic Press, San Diego, CA (1990); Marskak et ah,

"Strategies for Protein Purification and Characterization - A Laboratory Course

Manual" CSHL Press (1 996); all of which are incorporated by reference as if fully set

forth herein. Other general references are provided throughout fliis document. The

procedures therein are believed to be well known in the art and are provided for the

25 convenience of the reader. All the information contained therein is incorporated

herein by reference,

MATERIALSAND EXPERIMENTALMETHODS

Synthetic peptides - The AChE-S C-terminal (ASP) and the BChE C-terminal

30 (BSP) peptides were synthesized at the noted lengths, using a Pioneer peptide

synthesizer (Perspective, Cambridge, UK), purified and analyzed by MALDI-TOFF

mass spectrometry as previously described (Grisaru et al., 2001) according to the C-

terminal sequences of human AChE and BChE, respectively (Glick, 2003>. Purity
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was confirmed by mass spectrometry and was found to be > 90 %. BSP41 (SEQ ID

NO:l) is composed of residues 562-602 in hBChE (SwissProt Accession No. P06276;

SEQ ID NO:2), ASP23 (SEQ ID NO:3), ASP40 (SEQ ID NO:4) and ASP63 (SEQ

ID NO:5) mimic residues 592-614, 575-614 and 548-610, respectively in hAChE

5 (GenBank Accession No. F22303; SEQ ID NO:6). For peptide sequences and

homology see Figure 3 a.

Enzymes - Purified human BChE (from human serum; Sigma, Jerusalem,

Israel) and recombinant human AChE-S, prepared from an AChE cDNA clone (Soreq

et al., 1990) as detailed in Velan et al., 1991 (Sigma, Jerusalem, Israel). Enzyme

10 integrity was verified by measuring the hydrolysis rate of acetyl- or

butyrylthiocholine, respectively (Elhnan et al., 1961), compared to the protein

concentration.

In vitro formation ofamyloidfibril - In vitro formation of amyloid fibril was

in the presence of the synthetic Ap (1-40) peptide (Biosource, Camarillo, CA, USA)

15 as a precursor. The reporter molecule was Thioflavin T (ThT) (Sigma, Cat. No. T-

3516, Jerusalem, Israel), a benzothiazole dye that imdergoes a shift in its excitation

spectrum (from 340 nm to 450 nm) when interacting with p-sheet amyloid structures.

The resultant ThT fluorescence signal is proportional to the amount of amyloid

formed (LeVine, 1993). A stock solution of Ap in dimethylsulfoxide (DMSO) was

20 diluted with phosphate-buffered saUne (PBS) containing 0.02 % Na-Azid to a final

concentration of 162 [xM and 20 \x\ of the diluted Ap solution was placed in each well

of a 96 multiwell plate (Nunc, Roskilde, Denmark). After 20 minutes of pre-

incubation at room temperature of the Ap samples (20 |al), 80 \x\ of 1.25 fiM ThT in

50 mM glycine buffer, pH 8.5, was added. Incubation was with shaking at 200 rpm

25 for 6 to 8 hours at the noted temperatures. Fluorescence was measured continuously

or at 30-40 minute intervals, using a Spectro-fluorometer (Tecan^ Maetmedorf,

Switzerland). Excitation and emission wavelengths were 450 lam and 485 mn,

respectively. Enhancement of the fibrillation process by the different combinations of

water-dissolved cholinesterases and peptides mimicking fragments thereof, was

30 evaluated by dissecting the time curves into two stages: the lag before the onset ofthe

fluorescence increase (the nucleation process) and the average rate of fluorescence
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increase at several time points (rate of fibrils foimation). Statistics analysis was

performed using the Kaleidagraph Software (Reading, PA, USA).

Circular Dichroism (CD) measurements - For circular dichroism (CD)

measurements, ASP peptides were dissolved in double distilled water (DDW) to a

5 final concentration of 1 x 10"^ M. To reach this concentration, as required for the CD

measurements, BSP had to be dissolved in l,l,l,3,3,3-hexafluoro-2-propanol (HFIP).

Direct CD spectra were recorded at room temperature using a CD Jasco J-810

Spectropolarimeter (Easton, MD, USA) with a 1 mm path length cell. Recordings

were at 0.5 imi intervals in the spectral range 185—260 nm.

10 Peptide modeling - Peptide modeling involved virtual construction of the

analyzed peptides using the interface of the Deep View spdbv 3.7 software (Glaxo

Smith Kline, Bredford, UK) followed by distance geometry minimization. Figures

were created with the PyMol software (DeLano Scientific LLS, San Carlos, CA,

USA), Helical Wheel Projections were done by wheel. PI, Version 0.10 (Cell Biology

15 and Neuroscience, UC Riverside, CA, USA).

BChE biochemistty - Serum cholinesterase catalytic activity measurements

are based on a spectrophotometric method adapted to a microtiter plate assay.

Butyrylthiocholine (BTCh, Sigma) hydrolysis rates are measured following 20

minutes incubation with 5 X 10'^ M tetraisopropyl pyrophosphoramide (iso-OMPA,

20 Sigma), a specific BChE inhibitor or 10'^ M l,5-bis(4-

allyldimethylammoniumphenyl) pentan-30-one dibromide (BW284c51, Sigma,

A9013), a specific AChE inhibitor. Addition of botii inhibitors reduces hydrolysis to

the rate of spontaneous hydrolysis measured in control reactions lacking enzyme or

substrate, attesting to the specificity of these serum activities. Readings at 405 nm are

25 repeated at 2-minute intervals for 20 minutes. Non-enzymatic hydrolysis of substrate

is subtracted from the total rate of hydrolysis. Enzyme activity is calculated using the

molar extinction coefficient for 5-thio-2-nitrobenzoate [13,600 MT^ x cm'^] [Elhnan,

G.L. et al. (1961) Biochem. Pharmacol. 7:88-95],

MPTPpoisoning ofmice - After its accidental discovery in the early 1980s, 1-

30 mefliyl-4-phenyH,2,3,6-tetrahydropyridine (MPTP) has been shown to induce

Parkinsonism in monkeys and Parkinson-like symptoms in mice, both at the

behavioral and ttie anatomical level. Thus, MPTP has been used extensively as, a

model for Parkinson^s disease in non-human primates and naice (Predborzski et al.
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(2000) Restorative Neurology and Nexiroscience 16:135-142), To induce Parkixison-

like symptoms each mouse is injected with a 0,01 ml of an MPT? solution (2 mg/ml)

per gram mouse weight (e.g. a 20 gram mouse receives 0.2 ml).

Telemetricfollow-up ofbehavior - Battery operated biotelemetric transmitters

- 5 (model VM-FH, Mini Mitter, Snn River, OR, USA) are implanted in the peritoneal

cavity under ether anesthesia 12 days prior to the test. After implantation, mice are

housed in separate cages with free access to food and water. Output is monitored by a

receiver board (model RA-1010, Mini Mitter) placed xinder each animal's cage and

fed into a peripheral processor (BCM 100) comiected to a desktop computer,

10 Locomotor activity after the dark/light shift is measured by detecting changes in

signal strength as animals move about in their cages, so that the number of pulses

generated by the transmitter is proportional to the distance the animal moves. The

cumulative number of pulses generated over the noted periods is recorded [Yirmiya,

R. et al. (1997) Brain Res. 749: 71-81]. Recording lasts 24 consecutive hours, starting

15 at 9:30 am, with the light phase of a 12:12 hour dark/light cycle beginning at 7:00 am.

To initiate a day/night switch, the dark/light periods are reversed and recording starts

72 hours after the switch and lasts 24 hours. Recording proceeds for an additional 3

hours after injection of active agents.

20 EXAMPLE 1

BCHE INHIBITSAfiFIBRIL FORMATION

The progressive deposition of amyloid p peptide (Ap) in fibrillar form is a key

feature in the development of the pathology in Alzheimer's disease. AChE is found

associated with amyloid plaque deposits [Urlich, J. et al. (1990) Acta Neuropathol.

25 (Berl.) 80(6):624-8]. In addition, in vitro studies demonstrated that AChE promotes

the assembly of Ap peptide into amyloid fibrils [Alvarez et al. (1995) Neurosci. Lett.

201(1): 49-52; Inestrosa et al. (1996a); Liestrosa et al. (1996b); Alyarez et al. (1998)].

The fluorogenic incorporation of Thioflavin T into Ap fibrils essentially measures the

shift from an amorphic, unstructured polypeptide into a tight network of p-pleated

30 sheets which initiates the formation of the amyloid plaques.

In vitro Ap fibrils form spontaneously, provided that the peptide is present at

the certain critical concentration. At undisturbed conditions the fibrils are formed in
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the time span of days (2-7 days) but this process can be considerably accelerated by

shaking the solution. The fibril formation can be followed by the measiirements of:

(1) turbidity of the solution, (2) staining with diazobenzidine sulfonate dye, Congo

Red, or by (3) staining with bezothiazole dye, Thioflavin T (ThT). The latter may be

5 added at the end of the procedure, or, alternatively, at the begiiming in which case it

provides a real-time follow-up of fibril formation.

The inventors were able to follow the AP fibrils generation, in vitro, using all

the above mentioned methods, with a preference for real-time ThT fluorescence

measurements, as the most sensitive and reproducible method.

10 Experimental Results

BChE attenuates amyloid fibrils formation - Amyloid fibril (Ap) formation

was quantified by measuring changes in ThT fluorescence. As predicted, Ap fibrils

were spontaneously foimed w vitro provided that the Ap peptide was present above 5

\xM. Figures la-e present the outcome of characteristic experiments, demonstrating

15 the kinetics of amyloid P sheets formation firom Ap [1-40] peptide at a concentration

of 33 |iM. Reactions were performed in the absence or presence of increasing

concentrations of purified human BChE (SEQ ID NO:2; Figure la), recombinant

AChE-S (SEQ ID NO:6; Figure lb) or both (Figures Ic and d). At the general range

of 1:100 ratio of BChE to Ap, purified BChE surprisingly prolonged the lag and

20 reduced the apparent rate of amyloid formation. Due to the complex kinetics of the

fibril formation process the apparent rate of change in ThT fluorescence was

repeatedly detennined during the exponential phase of increase m its signal (at 390 ±

20 minutes). This measurement resulted in a dose-dependent suppression pattern, to

the extent that addition of 0.4 BChE to 33 |xM Ap totally prevented fibril

25 formiation for over 600 minutes (Figure la). In contrast, addition of similar doses of

AChE to Ap, predictably shortened by half tiie lag time prior to fibril foraiation, again

in a dose dependent manner (Figure le). The lag period therefore decreased from 240

minutes to 150 minutes and the maximal rate of fibril formation increased firom 0.057

to 0.1 16 fluorescence units (FU) /min for Ap alone as compared to Ap in the presence

30 of 0.36 nM AChE-S (Figure lb and Table 7, hereinbelow). Wlien increasing doses of

hBChE were added to a combined mix of 33 fiM Ap with 0.36 fiM AChE-S, a dose-

dependent interference with the fibril formation process was observed (Figure Ic and
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2a). Thus, BChE is capable of reducing the rate of fibrillation of Ap alone, or AP

which is formed in the presence ofAChE.

Table 7

Reproducibility and significance ofthe modifiedfibrillation effects

n Concentration Rate Rate Lag Lag (fold

(FU/h) (fold 00 change)

change)

1 . No addition 22 3.4 ±0,4 4.0 ±0.3

2. AChE-S 16 25.8 64575,1 7.0 ±1.3 2.1* 2.5 ±0.3 0.6*

3. ASP23 9 1.2 2875.1 4.0 ±1.1 1.2 4.5 ±0.7 1.1

4. ASP40 8 2.0 5074.5 2.7 ±1.0 0.8 4.4 ±0.5 1.1

5. ASP63 8 3.1 7752.7 2.4 ±0.6 0.7 5.9 ±0.9 1,5

6. BChE 12 27.4 68418.1 1.1 ±0.3 0.3* 5.6 ±0.5 1.4*

7.BSP41 6 2.0 5029.5 1.5 ±0.6 0.4* >7.5 >1.9*

Table 7: AP fibrillation was characterized as detailed under Methods, for the noted No. of

repetitions (n) in each case. Lag and rate values are expressed as mean ± Standard Error (SE).

10 StatisticaUy significant differences firom control (No addition) are marked by asterisks, h = hours;

Note the different time scale (h).

Altogether, as is schematically illustrated in Figure 2b, BChE exhibits an

inhibitory effect on amyloid fibril formation and thus counteracts the acceleration

15 effect formed by AChE.

BSP attenuatesfibrilformation - In an attempt to identify the region(s) within

the BChE molecule which are responsible for interfering with Ap fibrillation,

homologous peptides corresponding to the C-terminal domains ofBChE and AChE-S

were synthesized and their effect on amyloid fibrils formation was examined. Figure

20 3a presents the analyzed sequences and demonstrates the significant homology

between them- As is shown in Figures 3b and c, the 41-amino acid long BSP41

peptide (SEQ ID NO:l) was capable of interfering with Ap fibrillation in a dose

dependent manner and in similar molar ratios as with BChE (Figure 'Sb-c). Moreover,

as is seen in Table 7 hereinabove, absolute dose calculations revealed that the BSP41

25 peptide was even more potent in interfering with AP fibrillation than the complete
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BChE enzyme since only 2 |ig/ml BSP peptide were needed for a complete

attenuation of Ap fibrillation (for 400 nainutes) as compared with 30 fig/ral of the

complete BChE enzyme.

ASPpeptides do not activate or inhibitAfifibrillation - In contrast to BSP41,

the 40-amino acid long ASP40 peptide (SEQ ID N0:4) mimicking the corresponding

domain in AChE-S failed to show any significant capacity to activate or inhibit

fibrillation (Figure 3c), Similar experiments utilizing the two additional peptides as

putative modifiers ofAp fibril formation: ASP63 (SEQ ID NO:5), a longer version of

the AChE-S C-terminus and ASP23 (SEQ LD NO:3), a shorter 23-amino acid long

AChB-S C-terminus peptide, resulted in no significant effect on amyloid fomiation

(Figure 3c). These results demonstrate that the entire C-terminal domain in AChE-S

is unlikely involved in the Ap fibrillation process; serving as a negative control, these

findings fiirther provide a proof of the specificity ofthe PSP41 effect.

It is worth mentioning, that in both AChE and BChE, the C-terminus is

positioned far away firom the Peripheral Anionic binding Site (PAS) domain which is

considered by many investigators to be causally involved in Ap fibrillation (De

Ferrari GV, et al., 2001, Biochemistry. 40: 10447-57), Figure 3d presents the

cholinesterase structure, demonstrating these physical distances.

Molecular modeling points at putative structural differences betjveen BSP

andASP - In search for structural differences between the BSP and ASP peptides, the

circular dichroism (CD) properties of the synthesized series of BSP and ASP peptides

were determined (Figure 4). Due to difficulties to solubilize BSP in water up to the

• concentrations required for CD tests, HFIP was used as a solvent. Molar elipticity

measurements for BSP41, ASP40 and ASP63 all showed a clear positive band at 192

nm and a negative band at 209 nm, characteristic of a helical structures. The helical

features observed for ASP40 are in line with reports of others (Cottingham et al.,

2003). ASP23 showed, however, a clear negative band at 195 nm, characteristic of a

random coil structure.

To further pursue the structural basis for the functional differences between

ASP and BSP, the structures of the ASP40 and BSP41 peptides were modeled

(Figures 5a-e). Both peptides emerged as symmetric amphipathic helices with similar

distributions of polar and non-polar residues. However, BSP's amphipalhicity



wo 2005/066337 PCT/1L2005/000028

50

appeared to be locally disturbed by a protruding aromatic trytophane residue in the

polar side of the helix. Further studies will be required to find out if this local

structural difference between the ASP and BSP peptides is the cause of asynunetry

and functional differences.

5 Altogether these results demonstrate that BChE, in a molar ratio of 1:100 to

the Ap peptide, is efficiently capable of slowing down the fibriUogenic process;

BChE was found to retard the onset of fluorogenic increase and reduce the rate of that

increase, once initiated. Moreover, when added to Ap together with AGhE, BChE is

capable of delaying the onset and reducing the rate of fibril formation in a dose-

10 dependent manner. In addition, BSP, a peptide mimicking the C-tenninus of BChE,

was found to be highly potent in inhibiting Ap fibril formation. Thus, the BSP

peptide, at a concentration as low as 2 ng/ml was capable of suppressing Ap fibril

formation for as long as 400 minutes, similar to the effect obtained using 30 ng/ml of

the complete BChE enzyme (Table 7, hereinabove).

15 These results suggest the use of BChE and/or peptide derived thereof as novel

therapeutic agents usefiil for treating diseases associated with fibrils formation and

deposition such as Alzheimer's disease (AD),

Discussion

By following amyloid formation with time (rate determination), rather than

20 measuring the final yield of the fibrillation process the present inventors were able to

show that BChE prolongs the lag and reduces the rate of amyloid fibrils formation in

vitro. Others observed that BChE does not enhance the fibrillation process, but

interpreted that to imply no involvement (Inestrosa et al., 1996b). The present study,

however, demonstrated that contrary to this early prediction, BChE acts as a negative

25 modifier in this process and that it likely does that through the action of its C-terminal

peptide, BSP.

The capacity of BChE and BSP to suppress amyloid fibril formation was

observed both at the nucleation and the progression phases of the fibrillation process

and was dose-dependent, a mirror image of the facilitation observed with

30 recombinant, highly purified hAChE-S. Importantly, a corresponding series of

peptides designed to nnmic increasingly long C-terminal regions ofAChE-S failed to

affect the fibrillation process and showed neither facilitation nor suppression of
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amyloid fibrils formation. This, in turn, suggests that the fibrillation enhancement

conferred by AChE-S does not involve the C-terminal domain of this enzyme,

compatible with suggestions that it is induced by the peripheral anionic site (PAS,)

(Inestrosa et al., 1996a).

BSP41, the 41-amino acids long peptide representing the C-terminus ofBChE,

showed solubility differences when compared to ASP40. BSP, but not ASP, further

induced effective suppression of the fibrillation process, as potent as that of the

inhibitory effect of intact BChE. This supports the hypothesis that BSP by itself is the

cause for BChE's modifying effect of the Ap fibril formation process. The secondary

structure of the synthetic peptides employed and which mimic the C-terminal peptides

of AChE-S and BChE, obviously depends on the length of the specific peptide tested.

The ASP63 and ASP40 residue peptides are a-helical, whereas the shorter ASP23

shows a random coil structure. However, none of the ASP23, ASP40, ASP63

peptides could by themselves facilitate Ap fibrillation. That ASP shares some

sequence homology with the Ap peptide (Cottingham et al., 2002; Greenfield and

Vaux, 2002) thus appears irrelevant to the phenomenon observed in the present study.

Thus, without being bound with any theory it is likely that AChE~S promotes

fibrillation via its PAS domain (Inestrosa et al., 1996b), whereas BChE's C-tenninal

peptide actively interferes with this process, most likely, by heterologous hydrophobic

interaction.

The solubility differences, CD properties and structural features observed for

BSP and ASP are all compatible with the hypothesis that tiie difference in the effects

may reside in their distinct amphipatic characteristics. While the ASP40 peptide

shows a clear division between hydrophobic and hydrophilic moieties, in BSP such a

clear division appears impossible. Site-directed mutagenesis may be used to test ifthe

hydrophobicity properties of BSP enable binding to Ap pre-fibrils and control the

attenuation of the fibrillation process.

The BChE K variant, representing a single C-terminal substitution (A539T)

shows 30 % reduction in hydrolytic activity (Bartels et aL, 1992). This allele occurs

with relatively high incidence (12 % of the Caucasian population), which allowed

testing its incidence in AD patients. Intriguingly, some (Lehmann et al., 1997;

Lehmann et al., 2000) but not others (Brindle et al, 1998) reported association of this
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variant with an increased risk of late-onset AD. While this increased risk was

tentatively attributed to the reduced hydrolytic activity oftheK variant, the possibility

ofAp fibrillation effect should be explored.

The AChE-S protein faciUtates Ap fibrillation both in vitro and in vivo

(Inestrosa et al., 1996a; hiestrosa et al., 1996b; Munoz and Inestrosa, 1999). Based on

this precedence, it is tempting to speculate that BChE and BSP would also affect the

AP fibrillation process in vivo, suggesting that the ratio between AChE-S arid BChE

may affect plaque formation. In the human brain, AChE mRNA is 20-fold more

abundant than BChE mRNA (Soreq and Zakut, 1993). hi human blood, however,

BChE, at 50 nM is 3 -fold more abxmdant than ACHE (Loewenstein-Lichtenstein et

al., 1995). The present findings imply that this concentration is sub-optimal for

attenuating Ap fibrils formation. This, in turn, suggests a therapeutic use of BSP, a

relatively short mimic of the C-termmal peptide ofBChE. BSP can by itself attenuate

Ap fibrillation in the low dose of 2 mg/L. In view of the theory that the Ap

fibrillation process involves continuous communication between the brain and the

circulation (Basun et al., 2002), administration ofBSP may be by injection, similar to

erythropoietin or GM-CSF (Amdt et al, 2004; Zhang et al., 2005). An alternative

option for BSP admmistration may be by constructing a BSP expression vector and

using this vector for transfecting bone marrow cells for autologous transplantation,

similar to the gene therapy protocols used for adenosine deaminase replacement

(Aiuti et al., 2003; Herzog and Airuda, 2003). hi either way, the disrupted blood-

brain barrier of AD patients (see Soreq, 2002 for a recent review) predicts effective

penetrance of this peptide mto the brain. The role(s) and actions of BChE in the

pathogenesis of Alzheimer's disease thus merit renewed attention.

EXAMPLE 2

BCHE CANBE USED TO LIMITACH-MEDIATED INFLAMMATORY

RESPONSE

hi normal human serum, an average assay of 20 individuals yields 81 :t 23

nmol butyrylthiocholine (BThCh) hydrolyzed/hr/|Lil serum (assayed at 2 mM BThCh).

Out of tiie total ACh binding sites m the human blood, BChE provides 75 % or 50 nM

XLowenstein et al. (1995) MoL CeU Biol. Hum. Dis, Ser. 5:307-49] and erythrocytes
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AChE - 25 %, or 10 dM [Ott et al. (1982) FEES Lett. 138(2): 187-9]. However, the

capacity of AChE to degrade ACh decreases above 3 mM (which is defined as

"substrate inhibition"), hi contrast, BChE's capacity to hydrolyze ACh increases

under increased ACh concentration ("substrate activation"). Therefore, conditions of

5 elevated ACh {te, acute stress injury or exposure to antichoUnesterases both ofwhich

increase the risk of cognitive decline), should best be treated , with BChE, because

under such conditions AChE's hydrolytic activity will be impaired but BChE's will be

facilitated.

An inflammatory reaction, for example, as a response to an iojury, involves

10 the production of pro-inflanmxatory cytokines (e.g., by tissue macrophages).

Intriguingly, the neurotransmitter which controls such a process is acetylcholine

(ACh) [Bemik, T.R. et al. (2002) J. Exp. Med. 195(6):781-8]. In both tissues and

circulation, ACh levels are controlled by AChE [Soreq, H. and Seidman, S. (2001)

Nature Neurosci. Rev. 2:294-302]. Therefore, increased AChE can initiate

15 inflammatory reactions because it reduces ACh levels and increases production of

cytokines. However, while inflammatory reactions are apparentiy useful in the short

range, they carry a significant long-range risk of neurodegenerative disease. For

example, head injury induces the largest non-inherited risk ofAD [Shohami, E. et al.

(2000) J. Mol, Med. 78:228-236], Therefore, both therapeutic, uses of recombinant

20 AChE and treating patients with anti-cholinesterases, which induce AChE

overproduction as a feedback response, carry an inherent risk of increasing the

inflanMuatory load in treated patients.

Unlike AChE, BChE does not entail a risk of increasing the inflammatory

load, smce it is not part of the auto-regulatory feedback loop of injury-cytokine

25 release-cholinergic imbalance. In addition, BChE is soluble and thus accessible to

circulating ACh. Moreover, the substrate ofpreference ofBChE is different than fliat

of AChE, Thus, over the range of substrate concentrations 0,1 to 25 mM, the ratio of

hydrolysis of AThCh relative to BThCh differs between the enzymes (Table 8,

hereinbelow).

30
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Table 8

Rate ofhydrolysis ofAThClt/BThCh*

Substrate (mM) 0.1 25.0

hSerum BChE 0.45 0.20

hRBC AChE 120 7.2

Tabic 8: The ratio of hydrolysis of AThCh relative BThCh is

S presented for two substrate concentrations (0.1 and 25 mM). The results

present the average of three experiments.

Thus, under nomial condition and assuming low ACh levels and negligible

soluble AChE levels in the circulation, the total ACh hydrolyzing capacity will be

1 0 divided as follows: 75 % by BChE and 25 % by AChE, when the ratio is 3 : 1

.

Based on the AThCh hydrolysis ratio differences ofAChE:BChE [245-fold at

0.1 mM, Table 8, hereinabove], BChE capacity of ACh hydrolysis in the circulation

will be ca. 80-fold lower than that of AChE under normal circumstances. However,

increased ACh levels (up to 10 mM, as is the concentration in synapses) will improve

15 BChE capacity to hydrolyze ACh (as in 25 mM, the difference is 36-fold, or only 12-

fold lower than AChE, Table 8, heremabove). Nevertheless, BChE administration

shall iiot increase the inflammatory load, because even at these higher ACh

concentrations BChE will only constitute. 10 % of flie circulation capacity to

hydrolyze ACh. The progressive age-dependent increase in inflammatory diseases

20 should hence be attributed to the increase in circulation AChE, not to BChE. In

addition, mice injected v^th paraoxon, the OP metabolite of parathion, show reduced

locomotion and decreased body temperature (Coudray-Lucas C, et al., 1983, Acta

Pharmacol Toxicol (Copenh). 52: 224-9; BeeriR, et al., 1995, Curr. Biol. 5: 1063-71).

Based on the above discussion, the present inventors have vmcovered that

25 injection ofhuman recombinant BChE (hrBChE) will limit the inflammatory reaction

and reduce production of pro-inflammatory cytokines. Thus, tlie present inventors

suggest the use of BChE in preventing and/or limiting ACh-modulated inflammatory

reactions. The prediction is that treatment with BChE will reduce ACh levels below

the tiireshold inducing AChE overproduction (as in Kaufer et al., 1998, Meshorer et
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al., 2002), thus avoiding the relief over macrophages capacity to produce pro-

inflammatory cytokines.

EXAMPLES

5 BCHE INHIBITSAMYLINFIBRILLATION

Type II diabetes is associated with widespread amyloidosis of the pancreatic

islet p-ceU (for review see Hoppener JW, et al., 2000, N. Engl. J. Med. 343(6); 411-

9). Although the presence of amyloid deposits in diabetes was first recorded over 100

years ago, the contribution to the pathogenesis of diabetes is only now being

10 appreciated (Hoppener JW, et al,. 2002, MoL Cell Endocrinol. 197(1-2): 205-12).

The polypeptide core of these deposits has been independently identified as islet

amyloid polypeptide (lAPP) or amyHn. Recent work has shown that amylin amyloid

formation is cytotoxic and diabetogenic [Hoppener, 2002 (Supra)].

To test tlie ability of BChE to prevent amylin amyloid fibril formation, the

15 present inventors have tested the rate of amylin fibrillation (at a concentration of 20

\iM) in the presence or absence of 0.24 (iM BChE (purified firom pooled human

serum). As is shown in Figure 6, BChE completely attenuated the formation of

amylin fibrils for 100 minutes, and increased the lag time of amyloid fibril formation

from 30 minutes to 1 10 minutes.

20 These results demonstrate the ability of BChE to inhibit amylin fibril

fonnation and suggest the use of BChE as a therapeutic agent for the prevention of

amylin amyloidosis and the treatment of type EL diabetes.

To further test the capacity of BChE to prevent amylin amyloidosis in vivo,

BChE can be administered into transgenic mice over-expressing huIAPP (amylin) in

25 pancreatic islet p-cells (Soeller WC, et al., 1998, Diabetes, 47(5): 743-50) and the

effect of BChE in prevention or reversal of amylin amyloidosis can be determined

using histopathological and inmiunostaining analyses.

It is appreciated that certain features of the invention, which are, for clarity,

30 described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention.
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which are, for brevity, desaibed in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific

5 embodiments thereof, it is evident that many alternatives, modifications and variations

will be apparent to those skilled in the art. Accordingly, it is intended to embrace all

such altematives, modifications and variations that fall within the spirit and broad

scope of the appended claims. All publications, patents and patent applications

mentioned in this specification are herein incorporated in their entirety by reference

10 into the specification, to the same extent as if each individual publication, patent or

patent application was specifically and individually indicated to be incorporated

herein by reference. In addition, citation or identification of any reference in this

application shall not be construed as an admission that such reference is available as

prior art to the present invention.
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